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(57)Abstract: 

PROBLEM TO BE SOLVED: To measure a spatial 
image with full accuracy. 

SOLUTION: A slit 22, wliich extends in Y-axis direction, 
having a width in the measurement direction (X-axis 
direction) less than (wavelength xyopening number N.A 




[40- 



PL 



of a projection optical system), is formed in a slit plate 90 •^^'j szl!^^^^ 
of a spatial image measurement apparatus 59. When a 
specific pattern PM illuminated with an illumination light 
IL for this purpose and when the slit plate 90 is scanned 
in X-axis direction to the spatial image, in a state in 
which the spatial image of that pattern is formed on the 
image surface by way of a projection optical system PL, 
the light having transmitted the slit 22 during scanning is 
photoelectrical ly converted with a photoelectric converter 

element 24. The photoelectric conversion signal (signal which corresponds to the light 
intensity of the spatial image) is output. Then based on the photoelectric conversion signal, 
light intensity distribution corresponding to the spatial image is measured with a controller. In 
this case, the spatial image can be measured with practically sufficient accuracy, since the 
width of the slit 22 is equal to or less than (XyN.A.). 
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* NOTICES * 

•7PO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the space image measurement approach which measures the space image of the 
predetermined pattern formed of projection optics. The process which illuminates said pattern and forms 
the space image of this pattern on the image surface through said projection optics by the illumination 
light; while extending in the 1st direction in a two-dimensional flat surface perpendicular to the optical 
axis of said projection optics While the width of face of the 2nd direction of [ within said two- 
dimensional flat surface perpendicular to this ] scans the slit plate which has at least one slit defined in 
consideration of the wavelength lambda of said illumination light in said 2nd direction in said two- 
dimensional flat surface near [ said ] the image surface The space image measurement approach 
containing the process which acquires the photo-electric-conversion signal according to the 
reinforcement of said illumination light which carried out photo electric conversion of said illumination 
light which penetrated said slit, and penetrated said slit, and;. 

[Claim 2] It is the space image measurement approach which measures the space image of the 
predetermined pattern formed of projection optics. The process which illuminates said pattern and forms 
the space image of this pattern on the image surface through said projection optics by the illumination 
light; while extending in the 1st direction in a two-dimensional flat surface perpendicular to the optical 
axis of said projection optics While the width of face of the 2nd direction of [ within said two- 
dimensional flat surface perpendicular to this ] scans the slit plate which has at least one slit defined in 
consideration of numerical-aperture N.A. of said projection optics in said 2nd direction in said two- 
dimensional flat surface near [ said ] the image surface The space image measurement approach 
containing the process which acquires the photo-electric-conversion signal according to the 
reinforcement of said illumination light which carried out photo electric conversion of said illumination 
light which penetrated said slit, and penetrated said slit, and;. 

[Claim 3] The width of face of said 2nd direction of said slit is the space image measurement approach 
according to claim 1 or 2 characterized by being the following (lambda/N.A.) which **(ed) wavelength 
lambda of said illumination light by numerical-aperture N.A. of said projection optics more greatly than 
zero. 

[Claim 4] The width of face of said 2nd direction of said slit is the space image measurement approach 

according to claim 3 characterized by being 0.8 or less times of the above (lambda/N.A.). 

[Claim 5] The width of face of said 2nd direction of said slit is the space image measurement approach 

according to claim 1 or 2 characterized by being odd times the one half of the minimum pitch which are 

Ethine of the resolution limit which becomes settled according to lighting conditions including the 

classification of said illumination light and said pattern, and a pitch of a tooth-space pattern. 

[Claim 6] The width of face of said 2nd direction of said slit is the space image measurement approach 

according to claim 1 or 2 characterized by specifying the numerical aperture of lambda and said 

projection optics as odd times of {lambda/(2 N.A.)} in it, using wavelength of said illumination light as 

N.A. 

[Claim 7] The space image measurement approach given in any 1 term of claims 1-6 characterized by 
including further the process which recovers the original space image by carrying out the Fourier 
transform of said photo-electric-conversion signal, searching for spatial-frequency distribution, breaking 
this ****** spatial-frequency distribution by known frequency spectrum of said slit again, changing into 
the spectrum distribution of the original space image, and carrying out the inverse Fourier transform of 
this spectrum distribution. 
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[Claim 8] Are the image formation property measurement approach which measures the image 
formation property of projection optics, and a predetermined pattern is illuminated by the illumination 
light. Said projection optics is minded for the space image of this pattern. The process formed on the 
image surface; while scanning the slit plate which has at least one slit of the predetermined width of face 
prolonged in the 1st direction in a two-dimensional flat surface perpendicular to the optical axis of said 
projection optics in the 2nd direction perpendicular to said 1st direction in said two-dimensional flat 
surface near [ said ] the image surface The process which acquires the photo-electric-conversion signal 
according to the reinforcement of said illumination light which carried out photo electric conversion of 
said illumination light which penetrated said slit, and penetrated said slit; the image formation property 
measurement approach containing the process which performs predetermined processing to said photo- 
electric-conversion signal, and searches for the image formation property of said projection optics, and;. 
[Claim 9] Detection of said photo-electric-conversion signal, said pattern being Rhine and the tooth- 
space pattern which have periodicity in the direction corresponding to the 2nd direction, and changing 
the location of said direction of an optical axis of said slit plate as a multiple-times repeat and said 
predetermined processing The Fourier transform of two or more photo-electric-conversion signals 
acquired by said repeat is carried out, respectively. The contrast which is the gain of each primary 
frequency component and 0th frequency component is searched for. The image formation property 
measurement approach according to claim 8 characterized by detecting the best focus location of said 
projection optics by detecting the location of said direction of an optical axis corresponding to the photo- 
electric-conversion signal with which this contrast serves as max. 

[Claim 10] The image formation property measurement approach according to claim 9 characterized by 
including further the process which detects the image surface configuration of said projection optics by 
performing detection of said best focus location repeatedly about two or more points from which the 
distance from the optical axis of said projection optics differs. 

[Claim 1 1] The image formation property measurement approach according to claim 9 characterized by 
including further the process which performs detection of said best focus location in the optical axis of 
said projection optics repeatedly about said two or more Rhine of a different pitch, and a tooth-space 
pattern, and searches for the spherical aberration of said projection optics based on the difference of said 
best focus location corresponding to said each pattern, 

[Claim 12] Said pattern is a pattem with which the width of face of said 2nd direction contains at least 
one larger rectangle pattem than the width of face of said 2nd direction of said slit. Formation of said 
space image and detection of said photo-electric-conversion signal are repeatedly performed about the 
space image of said pattem projected on the location where it differs in the image field of said projection 
optics. As said predetermined processing The phase of two or more photo-electric-conversion signals of 
each, acquired by said repeat, is detected. The image formation property measurement approach 
according to claim 8 characterized by computing the location of the space image corresponding to said 
each photo-electric-conversion signal based on the result of this phase detection, respectively, and 
asking for at least the distortion of said projection optics, and one side of a scale factor based on this, 
calculation result. 

[Claim 13] Said pattem is a pattem with which the width of face of said 2nd direction contains at least 
one larger rectangle pattem than the width of face of said 2nd direction of said slit. Formation of said 
space image and detection of said photo-electric-conversion signal are repeatedly performed about the 
space image of said pattem projected on the location where it differs in the image field of said projection 
optics. As said predetermined processing Based on the intersection of two or more photo-electric- 
conversion signals of each acquired by said repeat and predetermined slice level, the location of the 
space image corresponding to said each photo-electric-conversion signal is computed, respectively. The 
image formation property measurement approach according to claim 8 characterized by asking for at 
least the distortion of said projection optics, and one side of a scale factor based on this calculation 
result. 

[Claim 14] Said pattem is the image formation property measurement approach according to claim 8 
characterized by being Rhine and the tooth-space pattem which have periodicity in said 1st direction by 
the shape of a rectangle as a whole. 

[Claim 15] Formation of said space image and detection of said photo-electric-conversion signal are 
repeatedly performed about the space image of said pattem projected on the location where it differs in 
the image field of said projection optics. As said predetermined processing Efased on the intersection of 
two or more photo-electric-conversion signals of each acquired by said repeat and predetermined slice 
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level, the location of the space image corresponding to said each photo-electric-conversion signal is 
computed, respectively. The image formation property measurement approach according to claim 14 
characterized by asking for at least the distortion of said projection optics, and one side of a scale factor 
based on this calculation result. 

[Claim 16] Said pattern is the image formation property measurement approach according to claim 8 
characterized by being Rhine and the tooth-space pattern which have periodicity in the direction 
corresponding to said 2nd direction, computing the line breadth outlying observation of each of said 
Rhine pattern as said predetermined processing based on the intersection of said photo-electric- 
conversion signal and predetermined slice level, and searching for the comatic aberration of said 
projection optics based on this calculation result. 

[Claim 17] Said pattern is Rhine and the tooth-space pattern which have periodicity in the direction 
corresponding to said 2nd direction. As said predetermined processing The 1st fundamental-frequency 
component corresponding to the pitch of each of said Rhine pattern of said photo-electric-conversion 
signal, The image formation property measurement approach according to claim 8 characterized by 
computing phase contrast with the 2nd frequency component corresponding to the width of face of said 
Rhine and the whole tooth-space pattern, and searching for the comatic aberration of said projection 
optics based on this calculation result. 

[Claim 1 8] Said pattern is a symmetry mark pattern which has at least two kinds of Rhine patterns with 
which the line breadth arranged at intervals of predetermined in the direction corresponding to said 2nd 
direction differs. As said predetermined processing The image formation property measurement 
approach according to claim 8 characterized by computing a gap of the symmetric property of the space 
image of said pattern based on the intersection of said photo-electric-conversion signal and 
predetermined slice level, and searching for the comatic aberration of said projection optics based on this 
calculation result, 

[Claim 19] In order to be the space image metering device which measures the space image ot the 
predetermined pattem formed of projection optics and to form the space image of said pattern on the 
image surface through said projection optics. The lighting system which illuminates said pattem; while 
extending in the 1st direction in a two-dimensional flat surface perpendicular to the optical axis of said 
projection optics It is the following (lambda/N.A.) to which the width of face of the 2nd direction 
perpendicular to this **(ed) wavelength lambda of said illumination light by numencal-aperture N. A. of 
said projection optics more greatly than zero. The slit plate which has at least one slit; Photo electnc 
conversion of said illumination light which penetrated said slit plate is carried out. The optoelectnc 
transducer which outputs the photo-electric-conversion signal according to the reinforcement of said 
illumination light which penetrated said slit; where said pattem was illuminated by said lighting system 
and said space image is formed on said image surface The processor which measures the optical 
intensity distribution corresponding to said space image based on the photo-electric-conversion signal 
from said optoelectric transducer while scanning said slit plate in said 2nd direction in said two- 
dimensional flat surface near [ said ] the image surface, and a space image metering device equipped 

with;. 1. • ^ 

[Claim 20] The substrate stage which is the aligner which imprints to a substrate the circuit pattern 
formed in the mask through projection optics, and holds said substrate; the aligner with which said slit 
plate is equipped with the space image metering device according to claim 19 which consisted of said 
substrate stages and one movable. . 
[Claim 21] The aligner according to claim 20 characterized by having further the control unit which 
measures the optical intensity distribution corresponding to the space image of various mark patterns, 
and searches for the image formation property of said projection optics based on the data of said the 
measured optical intensity distribution using said space image metering device. 

[Claim 22] The mark detection system which detects the location of the mark on said substrate stage; the 
aligner according to claim 20 characterized by having fiirther the control unit which detects the relative- 
position relation between the projection location of the pattern of said mask by said projection optics, 
and said mark detection system using said space image metering device. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the space image measurement approach, the image- 
formation property measurement approach, a space image metering device, and an aligner, and relates to 
the space image metering device for performing the image-formation property measurement approach 
which measures the image-formation property of projection optics using the space image measurement 
approach and this space image measurement approach of measuring in more detail the space image 
formed in the image surface from projection optics, and said space image measurement approach, and an 
aligner equipped with this space image metering device. 

[0002] ^ , 

[Description of the Prior Art] Conventionally, in case a semiconductor device or a liquid crystal display 
component is manufactured at a photolithography process, the projection aligner imprinted on substrates, 
such as a wafer with which the photo mask or the pattern of a reticle (it is hereafter named a "reticle" 
generically) was applied to sensitization agents, such as a photoresist, by the front face through 
projection optics, or a glass plate, for example, the contraction projection aligner of a step-and-repeat 
method, (the so-called stepper), the scanning projection aligner (the so-called scanning stepper) of step - 
and - scanning method, etc. are used. 

[0003] By the way, since it is necessary to accumulate a different circuit pattem on many layers, and to 
form it on a substrate to manufacture a semiconductor device etc., it is important to pile up correctly the 
reticle by which the circuit pattem was drawn, and the pattem already formed in each shot field on a 
substrate. In order to perform this superposition with a sufficient precision, it is indispensable that the 
image formation property of projection optics is adjusted to a desired condition. 
[0004] It is necessary to measure an image formation property correctly as a premise of adjustment of 
the image formation property of this projection optics. It exposes using the mask for measurement with 
which the predetermined pattem for measurement was formed as the measurement approach of this 
image-formation property, and the approach (it is hereafter called the "burning method") of computing 
an image-formation property based on the measurement result of having measured the resist image from 
which the projection image of the pattem for measurement develops the substrate by which imprint 
formation was carried out, and is acquired is mainly used. In addition, without actually exposing, the 
space image (projection image) of the pattern for measurement which illuminated the mask for 
measurement by the illumination light, and was formed of projection optics is measured, and the 
approach (it is hereafter called "space image mensuration") of computing an image formation property 
based on this measurement result is also performed. 

[0005] The conventional space image measurement was performed in general as follows. That is, as 
shown, for example in drawing 38 (A), the opening plate 123 with which the square opening 122 was 
formed is installed on a substrate stage, the opening plate 123 is scanned in the direction of an arrow 
head A through a substrate stage to space image MP' of the pattem for measurement on the reticle for 
measurement formed of non-illustrated projection optics, and photo electric conversion of the 
illumination light which penetrated opening 122 is received and carried out by the optoelectric 
transducer. By this photo electric conversion, a photo-electric-conversion signal (signal on the strength 
[ optical ] corresponding to a space image) as shown in drawing 38 (B) is acquired. Next, a differential 
wave as shown in drawing 38 (C) by differentiating the wave of a photo-electric-conversion signal as 
shown in this drawing 38 (B) to a scanning direction is searched for. And based on a differential wave as 
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shown in this drawin g 38 (C), predetermined signal processing with the well-known Fourier transform 
etc. is performed, and it asks for the optical image (space image) with which the measurement mark was 
projected. 

[0006] About detection of the distortion of the projection optics based on measurement and this of this 
space image etc., it is indicated by ******io.209031******** etc. at the detail, for example. 
[0007] 

[Problem(s) to be Solved by the Invention] However, if it was in the above-mentioned conventional 
space image measurement approach, since big opening was made to scan and space image reinforcement 
was measured, as shown in drawing 38 (B), a result in which the big low-frequency component in 
addition to the spatial-frequency component by which the profile of a space image is characterized is 
intermingled had been brought. The S/N ratio of the signal component which reflected the profile of a 
space image as a result from there being a limitation in the dynamic range of a latter signal-processing 
system, and on the other hand this resolving power (for example, the present condition about 16 bits) to 
the dynamic range of a signal-processing system being restricted could not but become small. For this 
reason, it was weak in the noise and it difficult for degradation of an image profile to become large in 
case it changes into a space image signal on the strength from a space image, and to measure a space 
image in sufficient precision. 

[0008] In addition, also in the former, the equipment which mainly scans a slit to the space image of a 
pattern for the purpose of detection of the image formation location of a pattern is indicated by JP,58- 
7823, A etc. However, with the equipment indicated by this official report, slit width was determined 
corresponding to the configuration of a mask pattern (reference pattern). For this reason, it was difficult 
to measure correctly the space image of the partem of various configurations (magnitude is included). 
[0009] This invention was made under this situation and the 1st purpose is in offering the space image 
measurement approach and space image metering device which can measure a space image in sufficient 
precision. 

[001 0] Moreover, the 2nd purpose of this invention is to offer the image formation property 
measurement approach which can measure the image formation property of projection optics with a 
sufficient precision. 

[001 1] Moreover, the 3rd purpose of this invention is to offer the aligner which can aim at improvement 
in exposure precision. 

[0012] ^ ^ . . ..... 

[Means for Solving the Problem] Generally, the resolution (resolution) R of the projection optics with 
which an aligner is equipped is expressed with the relation between R=kxlambda/N.A. (lambda is a 
constant (process multiplier) as which the wavelength of the illumination light and N.A. are determined 
by the numerical aperture of projection optics besides the resolution of a resist, and k is determined 
according to a process) as the formula of Rayleigh is sufficient and it is known. Then, as a result of an 
artificer's conducting various experiments etc. paying attention to this point, it became clear that a good 
result was obtained in space image measurement by defining the width of face of the scanning direction 
of opening used for space image measurement at least in consideration of one side with the wavelength 
lambda of the illumination light, and numerical-aperture N.A. of projection optics. The space image 
measurement approach concerning this invention is made based on the new knowledge which this 

artificer acquired. . . . u ♦u 

[0013] Invention according to claim 1 is the space image measurement approach which measures the 
space image of the predetermined pattern formed of projection optics (PL). The process which 
illuminates said pattern and forms the space image of this pattern on the image surface through said 
projection optics by the illumination light (IL); while extending in the 1st direction in a two-dimensional 
flat surface perpendicular to the optical axis of said projection optics While the width of face of the 2nd 
direction of [ within said two-dimensional flat surface perpendicular to this ] scans the slit plate (90) 
which has at least one slit defined in consideration of the wavelength lambda of said illumination light m 
said 2nd direction in said two-dimensional flat surface near [ said ] the image surface The process and; 
which acquire the photo-electric-conversion signal according to the reinforcement of said illuniination 
light which carried out photo electric conversion of said illumination light which penetrated said slit, and 
penetrated said slit are included. 

[0014] According to this, by the illumination light, a predetermined pattem is illuminated and the space 
image of this pattem is formed on the image surface through projection optics. And while extending in 
the 1st direction to this space image in a two-dimensional flat surface perpendicular to the optical axis of 
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projection optics While the width of face of the 2nd direction of [ within said two-dimensional flat 
surface perpendicular to this ] scans the sHt plate which has at least one slit defined in consideration of 
the wavelength lambda of the illumination light in the 2nd direction in said two-dimensional flat surface 
near the image surface The photo-electric-conversion signal according to the reinforcement of the 
illumination light which carried out photo electric conversion of the illumination light which penetrated 
the slit, and penetrated the slit is acquired. And a space image (distribution of image reinforcement) can 
be obtained by performing predetermined processing to this photo-electric-conversion signal. 
[001 5] That is, the space image of a predetermined pattern can be obtained with a slit scan method. In 
this case, since the width of face of the scanning direction of a slit is defined in consideration of the 
wavelength of the illumination light, it becomes possible to measure a space image in sufficient 
precision. 

[0016] Invention according to claim 2 is the space image measurement approach which measures the 
space image of the predetermined pattern formed of projection optics. The process which illuminates 
said pattern and forms the space image of this pattem on the image surface through said projection 
optics by the illumination light; while extending in the 1 st direction in a two-dimensional flat surface 
perpendicular to the optical axis of said projection optics While the width of face of the 2nd direction of 
[ within said two-dimensional flat surface perpendicular to this ] scans the slit plate which has at least 
one slit defined in consideration of numerical-aperture N.A. of said projection optics in said 2nd 
direction in said two-dimensional flat surface near [ said ] the image surface The process and; which 
acquire the photo-electric-conversion signal according to the reinforcement of said illumination light 
which carried out photo electric conversion of said illumination light which penetrated said slit, and 
penetrated said slit are included. 

[0017] According to this, by the illumination light, a predetermined pattem is illuminated and the space 
image of this pattem is formed on the image surface through projection optics. And while extending in 
the 1 St direction to this space image in a two-dimensional flat surface perpendicular to the optical axis of 
projection optics While the width of face of the 2nd direction of [ within said two-dimensional flat 
surface perpendicular to this ] scans the slit plate which has at least one slit defined in consideration of 
numerical-aperture N.A. of projection optics in the 2nd direction in said two-dimensional flat surface 
near the image surface The photo-electric-conversion signal according to the reinforcement of the 
illumination light which carried out photo electric conversion of the illumination light which penetrated 
the slit, and penetrated the slit is acquired. And a space image (distribution of image reinforcement) can 
be obtained by performing predetermined processing to this photo-electric-conversion signal. 
[001 8] That is, the space image of a predetermined pattem can be obtained with a slit scan method. In 
this case, since the width of face of the scanning direction of a slit is defined in consideration of the 
numerical aperture of projection optics, it becomes possible to measure a space image in sufficient 
precision. 

[0019] As for the width of face of said 2nd direction of said slit, in the space image measurement 
approach concerning each invention given in above-mentioned claims 1 and 2, it is desirable like 
invention according to claim 3 that it is the following (lambda/N.A.) which **(ed) wavelength lambda 
of said illumination light by numerical-aperture N.A. of said projection optics more greatly than zero. 
Since the width of face of the scanning direction of a slit is defined in consideration of both wavelength 
lambda which is two parameters which affect resolution, and numerical-aperture N.A. in this case, even 
if compared with each invention given in claims 1 and 2, it becomes possible to measure a space image 
with a much more sufficient precision. That the width of face of the scanning direction of a slit 
presupposed that it is the following (lambda/N.A.) here An artificer the width of face (it considers as 
2D) of the scanning direction of a slit as 2D=f(lambda/N.A.) =n- (lambda/N.A.) [ 1st ] So that it may be 
because the good result (result practical enough) was obtained when it considered as a multiplier n= 1 as 
a result of repeating simulation, an experiment, etc. and conducting them and may mention later to the 
2nd It is because the above-mentioned photo-electric-conversion signal becomes the convolution of 
SURITSU ** and the intensity distribution of a space image, so width-of-face 2D of the scanning 
direction of the slit firom the field of measurement precision is so good that it is small. 
[0020] In this case, as for the width of face of said 2nd direction of said slit, it is much more desirable 
like invention according to claim 4 that they are 0.8 or less times of the above (lambda/N.A.). Like 
the slit width fi-om the field of measurement precision was so good that it was small, and when slit width 
2D was 80% or less of lambda/(N.A.) according to the simulation and the experiment which the artificer 
conducted, the much more practical thing was checked. 
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[0021] However, since the optical reinforcement which penetrates a slit will become small too much and 
measurement will become difficult if the constraint from a throughput side is taken into consideration, 
and 2D is too small, a certain amount of magnitude is required. 

[0022] In the space image measurement approach concerning each invention of a publication, the width 
of face of said 2nd direction of said slit is good for above-mentioned claims 1 and 2 like invention 
according to claim 5 also as being odd times the one half of the minimum pitch which are Rhine of the 
resolution limit which becomes settled according to lighting conditions including the classification of 
said illumination light and said pattern, and a pitch of a tooth-space pattern. 
[0023] Here, in the case of the phase shift pattern, i.e., pattern of the phase shift mask (phase shift 
reticle) which adopted the phase shift method, which does not use a phase shift method etc. under 
conventional lighting, it is checked by the above-mentioned minimum pitch usually serving as 
lambda/N.A. mostly in the case of a pattern that a minimum pitch becomes lambda/(2 N.A.) mostly. In 
addition, a halftone mold, the Levenson mold, etc. are mentioned as a phase shift mask. 
[0024] In the space image measurement approach concerning each invention given in above-mentioned 
claims 1 and 2, the width of face of said 2nd direction of said slit is good like invention according to 
claim 6 also as specifying the numerical aperture of lambda and said projection optics as odd times of 
{lambda/(2 N.A.)} in it, using wavelength of said illumination light as N.A. 

[0025] In each invention given in above-mentioned claims 1-6, the Fourier transform of said photo- 
electric-conversion signal is carried out like invention according to claim 7, and spatial-frequency 
distribution is searched for, and this ****** spatial-frequency distribution can be again broken by 
known frequency spectrum of said slit, and it can change into the spectrum distribution of the original 
space image, and suppose that the process which recovers the original space image is included further by 
carrying out the inverse Fourier transform of this spectrum distribution. 

[0026] Invention according to claim 8 is the image formation property measurement approach which 
measures the image formation property of projection optics. A predetermined pattern is illuminated by 
the illumination light. Said projection optics is minded for the space image of this pattern. The process 
formed on the image surface; while scanning the slit plate which has at least one slit of the 
predetermined width of face prolonged in the 1st direction in a two-dimensional flat surface 
perpendicular to the optical axis of said projection optics in said 2nd direction perpendicular to said 1st 
direction in said two-dimensional flat surface near [ said ] the image surface The process which acquires 
the photo-electric-conversion signal according to the reinforcement of said illumination light which 
carried out photo electric conversion of said illumination light which penetrated said slit, and penetrated 
said slit; the process and; which perform predetermined processing to said photo-electric-conversion 
signal, and search for the image formation property of said projection optics are included. 
[0027] According to this, by the illumination light, a predetermined pattem is illuminated and the space 
image of this pattem is formed on the image surface through projection optics. The photo-electric- 
conversion signal according to the reinforcement of the illumination light which carried out photo 
electric conversion of the illumination light which penetrated the slit, and penetrated the slit in this 
condition while scanning the slit plate which has at least one slit of the predetermined width of face 
prolonged in the 1st direction in a two-dimensional flat surface perpendicular to the optical axis of 
projection optics in the 2nd direction perpendicular to the 1st direction in said two-dimensional flat 
surface near the image surface is acquired. And predetermined processing is performed to this photo- 
electric-conversion signal, and the image formation property of projection optics is searched for. 
[0028] That is, since the space image of a predetermined pattem can be obtained, predetermined 
processing is performed to this acquired photo-electric-conversion signal and the image formation 
property of projection optics is searched for with a slit scan method, it becomes possible to measure the 
image formation property of projection optics with a sufficient precision. 

[0029] Like invention according to claim 9, in this case, said pattem When it is Rhine and the tooth- 
space pattem which have periodicity in the direction corresponding to the 2nd direction, detection of 
said photo-electric-conversion signal, changing the location of said direction of an optical axis of said 
slit plate as a multiple-times repeat and said predetermined processing The Fourier transform of two or 
more photo-electric-conversion signals acquired by said repeat is carried out, respectively. The contrast 
which is the gain of each primary frequency component and 0th frequency component can be searched 
for, and suppose that the best focus location of said projection optics is detected by detecting the location 
of said direction of an optical axis corresponding to the photo-electric-conversion signal with which this 
contrast serves £is max. Since the above-mentioned contrast changes sensitively according to a focal 
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location (the amount of defocusing), according to this invention, it can measure the best focus location 
of projection optics often [ precision ] and easily (decision). 

[0030] In this case, suppose that the process which detects the image surface configuration of said 
projection optics is included further like invention according to claim 10 by performing detection of said 
best focus location repeatedly about two or more points from which the distance from the optical axis of 
said projection optics differs. It becomes possible to search for the image surface easily and correctly by 
performing detection of a best focus location repeatedly about two or more points from which the 
distance from the optical axis of said projection optics differs, and performing a statistical procedure 
based on the detection result, since the image surface, i.e., the best image formation side, is a field which 
consists of the set of the best focus point in the countless point (namely, countless point that the so- 
called height of an image differs) that the distance from an optical axis differs. 

[0031] Suppose that the process which performs detection of said best focus location in the optical axis 
of said projection optics to above-mentioned claim 9 like invention according to claim 1 1 repeatedly 
about said two or more Rhine of a different pitch and a tooth-space pattern, and asks it for the spherical 
aberration of said projection optics in the image formation property measurement approach conceming 
invention of a publication based on the difference of said best focus location corresponding to said each 
pattern is included further. It is one of the aperture aberration of optical system, and when a bundle of 
rays with various openings from the object point on an optical axis carries out incidence of the spherical 
aberration to optical system, it is a phenomenon in which the corresponding image point does not carry 
out image formation to one point. Therefore, based on the difference of two or more Rhine of a pitch 
which is different in detection of the best focus location in the optical axis of projection optics and a 
tooth-space pattern ****** repeat deed, and the best focus location corresponding to each pattem, 
spherical aberration can be easily searched for by the operation. 

[0032] In the image formation property measurement approach conceming invention given in above- 
mentioned claim 8 like invention according to claim 12 said pattem It is the pattem with which the width 
of face of said 2nd direction contains at least one larger rectangle pattem than the widtti of face of said 
2nd direction of said slit. Formation of said space image and detection of said photo-electric-conversion 
signal are repeatedly performed about the space image of said pattem projected on the location where it 
differs in the image field of said projection optics. As said predetermined processing The phase of two or 
more photo-electric-conversion signals of each, acquired by said repeat, is detected. Based on the result 
of this phase detection, the location of the space image corresponding to said each photo-electric- 
conversion signal can be computed, respectively, and suppose that it asks for at least the distortion of 
said projection optics, and one side of a scale factor based on this calculation result. 
[0033] Here, distortion is the aberration of the projection optics which becomes the image at which what 
should become a straight line essentially around in the image field turned, like the case where there is a 
scale-factor error by distortion, a pattem image shifts from the position on the image surface, and image 
formation (carrying out a strike slip) is carried out. 

[0034] Since it can ask for a location gap of the space image of the pattem projected on the location 
where it differs in the image field of projection optics by the technique of phase detection with a 
respectively sufficient precision according to this invention, either [ at least ] distortion or a scale factor 
is measurable with a sufficient precision as a result. It is because it will become difficult under the effect 
of other aberration, such as comatic aberration, to measure distortion correctly if having presupposed the 
pattem that the width of face of the 2nd direction contains at least one larger rectangle pattem than the 
width of face of the 2nd direction of a slit here has the width of face of the 2nd direction of a pattem 
smaller than a slit. 

[0035] In the image formation property measurement approach conceming invention given in above- 
mentioned claim 8 like invention according to claim 13 said pattem When the width of face of said 2nd 
direction is a pattem containing at least one larger rectangle pattem than the width of face of said 2nd 
direction of said slit Formation of said space image and detection of said photo-electric-conversion 
signal are repeatedly performed about the space image of said pattem projected on the location where it 
differs in the image field of said projection optics. As said predetermined processing Based on the 
intersection of two or more photo-electric-conversion signals of each acquired by said repeat and 
predetermined slice level, the location of the space image corresponding to said each photo-electric- 
conversion signal is computed, respectively. Suppose that it asks for at least the distortion of said 
projection optics, and one side of a scale factor based on this calculation result. 

[0036] According to this invention, by the technique of edge detection using a slice method, it can ask 
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for the location of the space image of the pattern projected on the location where it differs in the image 
field of projection optics with a respectively sufficient precision, and distortion can be measured with a 
sufficient precision as a result. Here, a pattern depends on the same reason [ that we decided that the 
width of face of the 2nd direction contains at least one larger rectangle pattern than the width of face of 
the 2nd direction of a slit ] as the case of claim 12. 

[0037] In the image formation property measurement approach of a publication, said pattern is good for 
above-mentioned claim 8 as a whole like invention according to claim 14 also as being Rhine and the 
tooth-space pattern which have periodicity in said 1 st direction by the shape of a rectangle. In this case, 
the signal of the time of a relative scan being carried out in the direction perpendicular to the periodic 
direction of a pattern, and a slit carrying out the slit scan of the rectangle pattem of the shape of the 
whole pattem configuration and isomorphism as a result with a slit scan method, when detection of the 
space image of a predetermined pattem is performed, and the same space image can be acquired. Space 
image measurement equivalent to the time of using this mark pattem is attained without actually forming 
by this, the BOX mark (irmer BOX mark) pattem of 1 0-micrometer angle with which formation was 
made difficult in the latest CMP process, since dishing arises. 

[0038] Like invention according to claim 15, in this case, formation of said space image, and detection 
of said photo-electric-conversion signal It carries out repeatedly about the space image of said pattem 
projected on the location where it differs in the image field of said projection optics. As said 
predetermined processing Based on the intersection of two or more photo-electric-conversion signals of 
each acquired by said repeat and predetermined slice level, the location of the space image 
corresponding to said each photo-electric-conversion signal is computed, respectively. It is good also as 
asking for at least the distortion of said projection optics, and one side of a scale factor based on this 
calculation result. 

[0039] In the image formation property measurement approach conceming invention given in above- 
mentioned claim 8 like invention according to claim 1 6 said pattem When it is Rhine and the tooth- 
space pattem which have periodicity in the direction corresponding to said 2nd direction, as said 
predetermined processing Based on the intersection of said photo-electric-conversion signal and 
predetermined slice level, the line breadth outlying observation of each of said Rhine pattem can be 
computed, and suppose that the comatic aberration of said projection optics is searched for based on this 
calculation result. 

[0040] Comatic aberration is the aberration of the lens by scale factors differing by the various zona 
orbicularis of a lens, and is produced into the part of the image of the distance which is separated fi-om 
the main shaft of projection optics. Therefore, in the location distant fi-om the optical axis, the line 
breadth of each Rhine pattem will differ among the space images of Rhine and a tooth-space pattem 
according to comatic aberration. Therefore, according to this invention which detects the line breadth 
outlying observation of each Rhine pattem by the technique of edge detection using a slice method, it 
becomes possible to measure comatic aberration often [ precision ] and easily. 

[0041] In the image formation property measurement approach conceming invention given in above- 
mentioned claim 8 like invention according to claim 1 7 said pattem When it is Rhine and the tooth- 
space pattem which have periodicity in the direction corresponding to said 2nd direction, as said 
predetermined processing The phase contrast of the 1 st fiindamental-firequency component 
corresponding to the pitch of each of said Rhine pattem of said photo-electric-conversion signal and the 
2nd fi*equency component corresponding to the width of face of said Rhine and the whole tooth-space 
pattem can be computed, and suppose that the comatic aberration of said projection optics is searched 
for based on this calculation result. Since it is greatly influenced of comatic aberration so that the width 
of face of the scanning direction of the pattem set as the object of space image measurement is narrow, 
the effect of comatic aberration to the space image of each Rhine pattem of Rhine and a tooth-space 
pattem and the effect of comatic aberration to the space image of the pattem at the time of putting Rhine 
and the whole tooth-space pattem at one pattem are different. Therefore, the phase contrast of the 1 st 
fiandamental-fi*equency component corresponding to the pitch of each Rhine pattem of a photo-electric- 
conversion signal and the 2nd frequency component corresponding to the width of face of Rhine and the 
whole tooth-space pattem is computed, and according to this invention which searches for the comatic 
aberration of projection optics based on this calculation result, the comatic aberration of projection 
optics can be searched for with a sufficient precision by the technique of phase detection. 
[0042] In the image formation property measurement approach conceming invention given in above- 
mentioned claim 8 like invention according to claim 18 said pattem When it is the symmetry mark 
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pattern which has at least two kinds of Rhine patterns with which the line breadth arranged at intervals 
of predetermined in the direction corresponding to said 2nd direction differs, as said predetermined 
processing Based on the intersection of said photo-electric-conversion signal and predetermined slice 
level, a gap of the symmetric property of the space image of said pattern can be computed, and suppose 
that the comatic aberration of said projection optics is searched for based on this calculation result. As a 
result of carrying out the location gap of the space image of the Rhine pattern with the thin width of face 
of a scanning direction greatly under the effect of comatic aberration, as for the space image of the 
symmetry mark pattern which has two or more kinds of Rhine pattems with which the line breadth 
arranged at intervals of predetermined in the direction corresponding to a scanning direction differs, the 
symmetric property shifts greatly, so that comatic aberration is large. Therefore, by the technique of 
edge detection using a slice method, a gap of the symmetric property of the space image of said 
symmetric-property mark pattern is computed, and according to this invention which searches for the 
comatic aberration of projection optics based on the calculation result, the comatic aberration of 
projection optics can be searched for with a sufficient precision. 

[0043] In order for invention according to claim 19 to be a space image metering device which measures 
the space image of the predetermined pattem formed of projection optics and to form the space image of 
said pattem on the image surface through said projection optics, The lighting system which illuminates 
said pattem (10); while extending in the 1st direction in a two-dimensional flat surface perpendicular to 
the optical axis of said projection optics It is the following (lambda/N.A.) to which the width of face of 
the 2nd direction perpendicular to this **(ed) wavelength lambda of said illumination light by 
numerical-aperture N.A. of said projection optics more greatly than zero. The slit plate which has at least 
one slit (90); Photo electric conversion of said illumination light which penetrated said slit plate is 
carried out. The optoelectric transducer which outputs the photo-electric-conversion signal according to 
the reinforcement of said illumination light which penetrated said slit (24); where said pattem was 
illuminated by said lighting system and said space image is formed on said image surface While 
scanning said slit plate in said 2nd direction in said two-dimensional flat surface near [ said ] the image 
surface, it has the processor (20) and; which measure the optical intensity distribution corresponding to 
said space image based on the photo-electric-conversion signal from said optoelectric transducer. 
[0044] According to this, by the lighting system, a predetermined pattem is illuminated and the space 
image of this pattem is formed on the image surface through projection optics. And while the slit plate 
which has at least one slit prolonged in the 1st direction to the formed space image with a processor in a 
two-dimensional flat surface perpendicular to the optical axis of projection optics is scanned in the 2nd 
direction in said two-dimensional flat surface near the image surface Based on the photo-electric- 
conversion signal (electrical signal which carried out photo electric conversion of the illumination light 
which penetrated the slit during the scan) from an optoelectric transducer, the optical intensity 
distribution corresponding to a space image are measured. That is, it does in this way and the space 
image of a predetermined pattem is measured by the slit scan method. Moreover, since the width of face 
of the scanning direction of the slit formed in the slit plate in this case is the following (lambda/N.A.), it 
can measure a space image in practically sufficient high precision like above-mentioned claim 3. 
[0045] The substrate stage which invention according to claim 20 is an aligner which imprints the circuit 
pattem formed in the mask (R) to a substrate (W) through projection optics (PL), and holds said 
substrate (WST); said slit plate (90) is equipped with the space image metering device according to 
claim 19 which consisted of said substrate stages and one movable. 

[0046] A space image metering device enables it to measure the space image of the various pattems for 
measurement with high precision, forming the various pattems for measurement in a mask, and moving 
a slit plate to it by the substrate stage and one, for example according to this, since a slit plate is 
equipped with the space image metering device according to claim 18 which consisted of a substrate 
stage and one movable. Therefore, improvement in exposure precision is attained as a result by 
performing initial adjustment of the image formation property of projection optics etc., using tiiis 
measurement result. 

[0047] In this case, like invention according to claim 21, using said space image metering device, the 
optical intensity distribution corresponding to the space image of various mark pattems can be 
measured, and suppose that it has fiirther the control unit (20) which searches for the image formation 
property of said projection optics based on the data of said those measured optical intensity distribution. 
By the control unit, in this case, the optical intensity distribution corresponding to the space image of 
various mark pattems are measured, and it is asked for the image formation property of projection optics 
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based on the data of the measured optical intensity distribution. Therefore, the thing which is the need 
and for which the image formation property of projection optics is searched for by the way becomes 
possible, and it becomes possible to adjust the image formation property of projection optics in advance 
of exposure initiation according to this image formation property searched for. Therefore, improvement 
in exposure precision is attained. 

[0048] The mark detection system which detects the location of the mark on said substrate stage like 
invention according to claim 22 in the aligner conceming invention of a publication to above-mentioned 
claim 20 (ALGl or ALG2); suppose that it has further the control unit which detects the relative-position 
relation between the projection location of the pattern of said mask by said projection optics, and said 
mark detection system using said space image metering device. In this case, the relative-position relation 
(namely, the so-called amount of base lines of a mark detection system) between the projection location 
of the pattern of said mask by said projection optics, i.e., the image formation location of the space 
image of said pattern, and a mark detection system is detected by the control unit using a space image 
metering device. In this case, since the projection location of a mask pattern is directly measurable in 
measurement of the amount of base lines with a space image metering device, compared with the case 
where the projection location of a mask pattern is indirectly measured using a reference mark plate and a 
reticle microscope, measurement of the amount of base lines with a high precision is possible. Therefore, 
improvement in exposure precision is attained by improvement in the superposition precision of a mask 
and a substrate by controlling the location of a substrate at the time of exposure etc. using this amount of 
base lines. 
[0049] 

[Embodiment of the Invention] « ~ 1st operation gestalt» - the 1st operation gestalt of this invention 
is hereafter explained based on drawing 1 thru/or drawing 34 . 

[0050] The rough configuration of the aligner 100 conceming the 1st operation gestalt is shown in 
drawing 1 . This aligner 100 is step - and the scanning projection aligner of - scanning method, i.e., the 
so-called scanning stepper. 

[0051] This aligner 100 is equipped with the control system which holds the illumination system 10 
containing the light source and an illumination-light study system, the reticle stage RST holding the 
reticle R as a mask, projection optics PL, and the wafer W as a substrate, and controls the wafer stage 
WST as a substrate stage movable free, and these for the inside of XY flat surface. 

[0052] Said illumination system 10 is constituted including a reticle blind, a condensing lens system, etc. 
as the light source, illuminance equalization optical system (it consists of a collimator lens, a fly eye 
lens, etc.), a relay lens system, and a lighting field diaphragm (all are illustration abbreviations at 

drawing 1 ). 

[0053] As said light source, the excimer laser which outputs KrF excimer laser light (wavelength of 
248nm) or ArF excimer laser light (wavelength of 1 93nm) shall be used as an example here. 
[0054] Said reticle blind consists of movable reticle blinds 12 (refer to an illustration abbreviation and 
drawin g 2 in drawing 1 ) adjustable in the fixed reticle blind and the opening configuration where it does 
not illustrate [ of immobilization of an opening configuration ], A fixed reticle blind is arranged in the 
field slightly defocused from the conjugation side over the pattern side of Reticle R, and rectangle 
opening which specifies the lighting field lAR of the shape of a rectangle slit on Reticle R is formed. 
Moreover, the movable reticle blind 12 is arranged in the conjugation side over the pattem side of the 
reticle R near the fixed reticle blind, and the location and width of face of a direction corresponding to 
the scanning direction (here, it considers as Y shaft orientations which are the space rectangular cross 
directions in drawing 1 ) and the non-scaiming direction (X shaft orientations which are space 
longitudinal directions in drawing 1 ) at the time of scan exposiire have adjustable opening, respectively. 

[0055] According to the illumination system 10, after the illumination light (it is hereafter called "the 
illumination light IL") as an exposure light generated in the light source passes a non-illustrated shutter, 
it is changed into the flux of light with almost uniform illumination distribution according to illuminance 
equalization optical system. The illumination light IL injected from illuminance equalization optical 
system reaches said reticle blind through a relay lens system. The flux of light which passed this reticle 
blind illuminates the lighting field (the width of face of elongation Y shaft orientations is the lighting 
field of the shape of a rectangle slit of predetermined width of face long and slender to X shaft 
orientations) lAR of Reticle R on which the relay lens system and the condensing lens system were 
passed, and the circuit pattem etc. was drawn with a uniform illuminance. 
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[0056] In addition, the movable reticle blind 12 is controlled by the main control unit 20 at the time of 
initiation of scan exposure, and termination, and exposure of an unnecessary part is prevented by 
restricting the lighting field lAR further. Moreover, the movable reticle blind 12 is used also for a setup 
of the lighting field in the case of measurement of the space image by the space image measuring 
instrument mentioned later with this operation gestalt. 

[0057] Reticle R is being fixed by for example, vacuum adsorption (or electrostatic adsorption) on said 
reticle stage RST. A reticle stage RST is movable here at the scan speed specified as Y shaft orientations 
in the reticle non-illustrated base top while it can be driven very small two-dimensional in XY flat 
surface perpendicular to the optical axis AX of the projection optics PL later mentioned by the reticle 
stage drive system which is not illustrated containing a linear motor etc. (to hand of cut of the 
circumference of the Z-axis which intersects perpendicularly with Y shaft orientations and XY flat 
surface which intersect perpendicularly with X shaft orientations and this (the direction of thetaz)). This 
reticle stage RST has the migration stroke of Y shaft orientations to which the whole surface of Reticle 
R can cross the optical axis AX of projection optics PL at least. 

[0058] On the reticle stage RST, the migration mirror 15 which reflects the laser beam fi-om the reticle 
laser interferometer (henceforth a "reticle interferometer") 13 is being fixed, and the location within XY 
side of a reticle stage RST is always detected by the reticle interferometer 13 with the resolution of about 
0 5- Iran, here, on a reticle stage RST, the migration mirror which has the reflector which intersects 
perpendicularly with the migration mirror which has the reflector which intersects perpendicularly with 
the scaiming direction at the time of scan exposure (Y shaft orientations), and a non-scanning direction 
(X shaft orientations) prepares in fact -- having - the reticle interferometer 1 3 ~ these are typically 
shown for biaxial ************** to Y shaft orientations by drawing 1 as the migration mirror 15 and 
a reticle interferometer 13 at one shaft and X shaft orientations. 

[0059] The positional information of the reticle stage RST fi-om the reticle interferometer 13 is sent to 
the main control unit 20 which consists of a workstation (or microcomputer), and cames out <kive 
control of the reticle stage RST through a reticle stage drive system based on the positional information 
ofa reticle stage RST in a main control unit 20. 

[0060] said projection optics PL can be set to drawing 1 of a reticle stage RST - it is arranged caudad 
and the direction of the optical axis AX considers as Z shaft orientations - having ~ here ~ a both-sides 
tele cent ~ it is a rucksack contraction system and the dioptric system which consists of two or more lens 
element arranged at intervals of predetermined along the optical-axis AX direction is used. The 
projection scale factor of this projection optics PL is one fifth as an example here. For this reason, if the 
slit-like lighting field lAR on Reticle R is illuminated by the illumination light IL fi-om an illumination 
system 10 it will be formed in the exposure field [ **** / the contraction image (partial inverted image) 
of the circuit pattern of the reticle R in that slit-like lighting field lAR / said lighting field lAR on the 
wafer W with which the photoresist was applied to the fi-ont face ] lA through projectaon optics PL ot 
the illumination light IL which passed this reticle R. , ... ■ - ^ a a\u., 

[00611 Said wafer stage WST is driven fi-ee in XY two-dimensional side (thetaz rotation is included) by 
the wafer stage drive system which is not illustrated [ which consists of a magnetic levitation mold two- 
dimensional linear actuator along stage base 1 6 top face ]. Here, since the ^o-dimensional linear 
actuator also has Z drive coil besides X drive coil and Y drive coil, the wafer stage WST has 
composition which can be driven very small also in the 3 degree-of-fi-eedom directions of Z, theta x, and 

[0062] The wafer holder 25 is laid on the wafer stage WST, and Wafer W is held by vacuum adsorption 
(or electrostatic adsorption) with this wafer holder 25. *• 
[0063] In addition, what is necessary is to replace with the wafer stage WST, and just to carry the water 
holder 25 in the 3 degree-of-fi-eedom directions of Z, theta x, and thetay on the two-dimensional 
migration stage through Z and the leveUng table by which a very small drive is carried out with a voice 
coil motor etc., in using the two-dimensional migration stage driven only in XY two-dimensional side by 
drive systems, such as a linear motor or a flat-surface motor. ^ u 

[0064] On said wafer stage WST, the migration mirror 27 which reflects the laser beam firom the water 
laser interferometer (henceforth a "wafer interferometer") 31 is fixed, and the location withm XY side of 
the wafer stage WST is always detected with the resolution which is about 0.5- Inm by tiie wafer 
interferometer 31 arranged outside. . „ , * 

[0065] here, on the wafer stage WST, the migration mirror which has the reflector which intersects 
perpendicularly with X shaft orientations which are the migration mirror and the non-scanning direction 
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which have the reflector which intersects perpendicularly with Y shaft orientations which are scanning 
directions at the time of scan exposure prepares in fact -- having - the wafer interferometer 31 - these 
are typically shown for biaxial ************** to Y shaft orientations by drawingj. as the migration 
mirror 27 and a wafer interferometer 31 at one shaft and X shaft orientations. The positional information 
(or rate information) of the wafer stage WST is sent to a main control unit 20, and controls the location 
within XY side of the wafer stage WST by the main control unit 20 through a non-illustrated wafer stage 
drive system based on said positional information (or rate information). 
[0066] Moreover, on the wafer stage WST, the space image measuring instrument 59 used for 
measurement of the image formation property of projection optics PL is formed. Here, the configuration 
of this space image measuring instrument 59 is explained in fiiU detail. This space image mstrumentation 
59 is formed in the protrusion section 58a part in which the upper part established in the end section top 
face of the wafer stage WST carried out opening, as shown in drawing 2 . This space image measuring 
instrument 59 is formed in the light-receiving glass 82 of a plane view rectangle inserted m fi-om the 
upper part in the condition of plugging up opening of protrusion section 58a, and the top face of this 
light-receiving glass 82. The relay optical system which consists of the reflective film 83 which serves 
as the light-shielding film by which the slit 22 was formed in the part, and the lenses 84 and 86 arranged 
inside slit 22 lower-part wafer stage WST, The bending mirror 88 (here) which bends the optical path ot 
the illumination-light bundle (image flux of light) relayed by this relay optical system (84 86) by the 
predetermined optical path length And light-receiving optical system is constituted by lenses 84 and 86 
and the mirror 88, it is constituted including the photosensor 24 grade as an optoelectnc transducer. 
r0067] As a material of said light-receiving glass 82, good synthetic quartz or a good fluonte ot the 
permeability of KrF excimer laser light or ArF excimer laser light etc. is used here. Moreover, the 
optoelectric transducer which can detect a feeble light with a sufficient precision as a photosensor 24 
(photo detector), for example, a photomultiplier etc., is used. In addition, with this operation gestalt the 
slit plate is formed with Hght-receiving glass 82 and the reflective film 83^ In the ^1 f J^mg explanataon, 
the slit plate which consists of light-receiving glass 82 and the reflective filni 83 shall be suitably called 
"the slit plate 90." Moreover, although the slit 22 is formed in the reflective film 83 like the above- 
mentioned, it explains as that by which the slit 22 is formed below in the slit plate 90 for convenience. 
[00681 In the case of measurement of the projection image (space image) which minds the projection 
optics PL of the pattern for measurement formed in Reticle R mentioned later with this operation gestalt 
If the slit plate 90 which constitutes the space image measuring instrument 59 by the illumination light 
IL which has penetrated projection optics PL is illuminated The illumination light IL which penetrated 
the slit 22 on the slit plate 90 is received with a photosensor 24 through the above-mentioned light- 
receiving optical system (84, 86, 88), and the photo-electric-conversion signal (quantity of light signal) P 
according to the light income is outputted to a main control unit 20 firom this photosensor 24. 
[00691 In additionfa photosensor 24 may arrange a photosensor 24 to the extenor of the wafer stage 
WST like space image instrumentation 59' which does not necessarily need to prepare m the mtenor of 
the wafer stage WST, for example, is shown in drawing 3 . In drawings , two heights 58a and 58 b by 
which the top face w;s mostly made the same side with the fi-ont face of Wafer W are formed m the 
wafer stage WST. The slit plate 90 constituted like the case of drawing! is formed m heights 58a and 
lenses 84 and 86 and a mirror 88 are arranged by the same physical relationship as d rawing 2 inside ttie 
wafer stage WST of this slit plate 90 lower part. In this case, the light guide 85 is also contained inside 
the wafer stage WST. This light guide 85 is arranged in the location [ **** / that mcidence edge 85a / 
the light-receiving side in which the slit 22 was formed ]. moreover, the light ransmission lens 87 witti 
which in/ection edge 85b of this light guide 85 was fixed to flie top face of heights 58b - it is arranged 

m07oVAbo^*the light transmission lens 87, the light-receiving lens 89 of a major diameter is arranged 
compared with this light transmission lens 87. The photosensor 24 is arranged m upp^ injection edge 
85b of this light-receiving lens 89, and a location [ **** ]. These light-receiving lens 89 and a 
photosensor 24 maintain the above-mentioned physical relationship, and are contained m a case 92, and 
this case 92 is being fixed to the non-illustrated holddown member. ^ , . , . , . . 
[00711 In the case of measurement of the projection image (space image) which minds the projection 
optics PL of the pattern for measurement formed in Reticle R mentioned later in space image 
instrumentation 59' of this drawing 3 If the slit plate 90 which constitutes space i"^^g^ "^^^^^ 
instrument 59' by the illumination light IL which has penetrated projection optics PL is illuminated The 
illumination light IL which penetrated the slit 22 on tiie slit plate 90 cames out incidence to incidence 
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edge 85a of a light guide 85 through a lens 84, a mirror 88, and a lens 86. After the light drawn by the 
light guide 85 is injected from the injection edge 85b, it is drawn by the exterior of the wafer stage WST 
through the light transmission lens 87. And the light drawn by the exterior of the wafer stage WST is 
received by the photosensor 24 through the light-receiving lens 89, and the photo-electric-conversion 
signal (quantity of light signal) P according to the light income is outputted to a main control unit 20 
from this photosensor 24. 

[0072] In this case, since measurement of the projection image of the pattern for measurement is 
performed by the slit scan method, in that case, the light-receiving lens 89 and a photosensor 24 will 
move to the light transmission lens 87. So, in this space image measuring instrument 59', the magnitude 
of each lens is set up so that all the light through the light transmission lens 87 which moves within the 
limits of predetermined may carry out incidence to the light-receiving lens 89! 
[0073] Thus, the optical derivation section which derives the light through a slit 22 outside the wafer 
stage WST with the slit plate 90, lenses 84 and 86, a mirror 88, a light guide 85, and the light 
transmission lens 87 is constituted, and the light sensing portion which receives the light drawn out of 
the wafer stage WST by the light-receiving lens 89 and the photosensor 24 consists of space image 
measuring instrument 59'. In this case, these light derivation section and a light sensing portion are 
separated mechanically. And only by facing space image measurement, the optical derivation section 
and a light sensing portion are optically connected through the light transmission lens 87 and the light- 
receiving lens 89. 

[0074] That is, in space image instrumentation 59', since the photosensor 24 is formed in the 
predetermined location of the exterior of the wafer stage WST, it originates in generation of heat of a 
photosensor 24, and does not have a bad influence on the measurement precision of a laser 
interferometer 31 etc. Moreover, since the exterior and the interior of the wafer stage WST are not 
connected by a light guide etc., the drive precision of the wafer stage WST does not receive a bad 
influence like [ when the exterior and the interior of the wafer stage WST are connected by the light 
guide ]. 

[0075] In addition, the space image measurement approaches performed using the space image 
measuring instrument 59 (or 59'), such as a configuration of the sUt 22 on the slit plate 90 which 
constitutes the space image measuring instrument 59 (or 59'), and a dimension, and the measurement 
approach of an image formation property are explained in full detail behind. 
[0076] The off-axis alignment microscope ALG 1 as a mark detection system which detects the 
alignment mark on Wafer W (alignment marie) is formed in the side face of return and projection optics 
PL at drawing 1 . With this operation gestalt, the alignment sensor of the FIA (Filed Image Alignment) 
system of an image-processing method is used as this aUgnment microscope ALG 1. This alignment 
microscope ALG 1 is constituted including the Ught source 32 for alignment, a half mirror 34, the 1st 
objective lens 36, the 2nd objective lens 38, and image sensor (CCD) 40 grade, as shown in drawing 2 . 
Here, the halogen lamp which carries out outgoing radiation of the broadband illumination light as the 
light source 32 is used. Under this alignment microscope ALG 1, as shown in drawing 4 , by the 
illumination light from the light source 32, the alignment mark Mw on Wafer W is illuminated through a 
half mirror 34 and the 1st objective lens 36, and the reflected light from that alignment mark part is 
received at an image sensor 40 through the 1st objective lens 36, a half mirror 34, and the 2nd objective 
lens 38. Thereby, image formation of the light field image of the alignment mark Mw is carried out to 
the light-receiving side of an image sensor. And the photo-electric-conversion signal corresponding to 
this light field image, i.e., the signal on the strength [ optical ] corresponding to the reflected image of 
the ally noodle ** mark Mw, is supplied to a main control unit 20 fi?om an image sensor 40. In a main 
control unit 20, while computing the location of the alignment mark Mw on the basis of the detection 
core of the alignment microscope ALG based on this signal on the strength [ optical ], based on that 
calculation result and the positional information of the wafer stage WST which is the output of the wafer 
interferometer 31 at that time, the coordinate location of the ally noodle ** mark Mw in the stage system 
of coordinates specified with the optical axis of the wafer interferometer 3 1 is computed. 
[0077] Furthermore, it has the light source by which turning on and off is controlled by the aligner 100 
of this operation gestalt with a main control unit 20 to be shown in drawing 1 . Exposure optical-system 
60a which irradiates the image formation flux of light for forming many pinholes or the image of a slit 
towards the image formation side of projection optics PL from the direction of slant to an optical axis 
AX, The multipoint focal location detection system (focal sensor) of the oblique incidence light type 
which consists of Ught-receiving optical-system 60b which receives the reflected light bundle in tiie 
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wafer W front face of those image formation flux of lights is prepared. In a main control unit 20, when 
focal fluctuation arises in projection optics PL, by controlling the inclination to the optical axis of the 
parallel monotonous reflected light bundle which is not illustrated in light-receiving optical-system 60b, 
offset is given to a focal location detection system (60a, 60b) according to focal fluctuation of projection 
optics PL, and the calibration is performed. In addition, the detailed configuration of the focal location 
detection system (60a, 60b) of this operation gestalt and the same multipoint focal location detection 
system (focal sensor) is indicated by JP,6-283403,A etc. 

[0078] An automatic focus (automatic-focusing doubling) and auto leveling are performed by 
controlling Z location, the amount of pitching (thetax rotation), and the amount of rolling (thetay 
rotation) of the wafer stage WST by the main control unit 20 through a non-illustrated wafer stage drive 
system so that a focal gap serves as zero based on the focal gap signal (defocusing signal), for example, 
S curve signal, from light-receiving optical-system 60b at the time of the scan exposure mentioned later 
etc. 

[0079] Next, actuation of the exposure process in the aligner 100 of this operation gestalt is explained 
briefly. 

[0080] First, Reticle R is conveyed by the non-illustrated reticle conveyance system, and adsorption 
maintenance is carried out in the reticle stage RST in a loading position. Subsequently, the location of 
the wafer stage WST and a reticle stage RST is controlled, by the main control unit 20, using the space 
image instrumentation 59, as the projection image (space image) of the reticle alignment mark which is 
not illustrated [ which was formed on Reticle R ] mentions later, it is measured (refer to drawing 2 ), and 
the projection location of a reticle pattern image is called for. That is, reticle alignment is performed. 
[0081] Next, the wafer stage WST is moved and the slit 22 which serves as a datum reference of the 
space image instrumentation 59 according to the alignment optical system ALG 1 is detected so that the 
space image instrumentation 59 may be located directly under the alignment microscope ALG 1 with a 
main control unit 20. Signs that the slit 22 is detected by this alignment optical system ALG 1 are shown 
in drawing 5 . In a main control unit 20, the measurement value of the detecting signal of this alignment 
microscope ALG 1 and the wafer interferometer 3 1 at that time and a list are asked for the projection 
location of the pattern image of Reticle R and the relative position of base lines with the alignment 
optical system ALG 1, i.e., the amount of the alignment microscope ALG 1, based on the projection 
location of the reticle pattern image for which it asked previously. 

[0082] After this base-line measurement is completed, by the main control unit 20, wafer ahgrmient, 
such as EGA (en hunger strike global alignment) indicated by the detail, is performed to JP,61-44429,A 
etc., and the location of all the shot fields on Wafer W is called for. In addition, as the wafer alignment 
mark Mw of the predetermined sample shot as which it was beforehand determined of two or more shot 
fields on Wafer W mentioned above on the occasion of this wafer alignment using the alignment 
microscope ALG 1 , it is measured by carrying out (refer to drawing 2 ). 

[0083] Subsequently, in a main control unit 20, while positioning the wafer stage WST to the scan 
starting position of the 1st shot field, carrying out the monitor of the positional information from 
interferometers 31 and 13 based on the positional information and the amount of base Unes of each shot 
field on the wafer W for which it asked in the top, a reticle stage RST is positioned to a scan starting 
position, and scan exposure of the 1st shot field is performed. 

[0084] That is, in a main control unit 20, if the relative scan of Y shaft-orientations reverse sense of a 
reticle stage RST and the wafer stage WST is started and both the stages RST and WST reach each 
target scan speed, the pattem space of Reticle R will begin to be illuminated by the exposure light EL, 
and scan exposure will be started. Although luminescence of the light source is started in advance of 
initiation of this scan exposure, since the synchronousr control of the migration of each blade of the 
movable blind which constitutes a reticle blind with a main control unit 20 is carried out to migration of 
a reticle stage RST, it is the same as that of the usual scaiming stepper that the exposure of the exposure 
light EL to the outside of the pattem space on Reticle R is shaded. 

[0085] In a main control unit 20, the synchronousr control of a reticle stage RST and the wafer stage 
WST is carried out so that the passing speed Vr of Y shaft orientations of a reticle stage RST and the 
passing speed Vw of X shaft orientations of the wafer stage WST may be especially maintained by the 
velocity ratio according to the projection scale factor of projection optics PL at the time of the above- 
mentioned scan exposure. 

[0086] And the field where the pattem spaces of Reticle R differ is serially illuminated by ultraviolet 
pulsed light, and when the lighting to the whole pattem space surface is completed, scan exposure of the 
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1st shot field on Wafer W is completed. Thereby, the contraction imprint of the circuit pattern of Reticle 
R is carried out to the 1st shot field through projection optics PL. 

[0087] In this way, termination of scan exposure of the 1st shot field performs stepping actuation 
between the shots which move the wafer stage WST to the scan starting position of the 2nd shot field. 
And scan exposure of the 2nd shot field is performed like ****. Henceforth, actuation with the same 3rd 
shot field or subsequent ones is performed. 

[0088] Thus, the stepping actuation between shots and scan exposure actuation of a shot are repeated, 
and the pattern of Reticle R is imprinted by the step and the scanning method by all the shot fields on 
Wafer W. 

[0089] Here during the above-mentioned scan exposure, the inclination to a wafer W fi-ont face, and 
spacing with projection optics PL (the image surface) and XY flat surface (image surface) is measured 
by projection optics PL by the focal sensor (60a, 60b) attached in one, and the wafer stage WST is 
controlled so that spacing of a wafer W front face and projection optics PL and parallelism always 
become fixed with a main control unit 20. , • u * 

[0090] By the way, in order for the pattern of Reticle R and the pattern already formed in the shot tield 
on Wafer W to pile up correctly during the above-mentioned scan exposure, it is important that the 
image formation property and the amount of base lines of projection optics PL are measured correctly, 
that the image formation property of projection optics PL is adjusted to the desired condition, etc. 
[009 1 1 With this operation gestalt, the space image measunng instrument 59 or 59 (hereafter, it 
represents and is described as "the space image measuring instrument 59") is used for measurement ot 
the above-mentioned image formation property. Hereafter, the space image measurement by this space 
image measuring instrument 59, measurement of the image formation property of projection optics PL, 
etc. are explained in full detail ^ r- ^ • o^t^^i^ 

100921 The condition of the midst that the space image of the pattern for measurement formed in Reticle 
R is measured is shown in drawing 2 using the space image instrumentation 59. As a ^^tf ^ J 
only for space image measurement or the thing which formed the mark for measurement of dedication m 
the device reticle used for manufacture of a device is used. Instead of these reticles, the mark plate 
(called a reticle fiducial mark plate) of the immobiHzation which consists of the glass matenal of a 
reticle and this quality of the material may be formed in a reticle stage RST, and what formed the mark 
for measurement (pattern for measurement) in this mark plate may be used. 

r00931 Here as shown in drawing 2 , the pattern PM for measurement which changes from Rhine and 
S^spLe m;rk 1^^^^^^ to X shafl orientations shall be formed in a predetennined part at 

Reticle R. Moreover, as shown in the slit plate 90 of the space image measunng instrunient 59 at 
drawing 6 (A), the slit 22 of predetermined width-of-face 2D extended to Y shaft orientations shall be 
formed In addition, below, Rhine and a tooth space are suitably sketched as last shipment. 
S] in measuret^ent of k space image, the movable reticle blind 12 is driven through a "0"-^""/*^^*^ 
bUnd driving gear with a main control unit 20, and the lighting field of the illi^ination light IL of 
Reticle R is specified only into the pattern PM part for measurement (refer to dramn&l )^ In this 
condition, if the illumination Hght IL is irradiated by Reticle R, as shown m drawmg2 , the h^t 
(illumination light IL) which diffracted with the pattern PM for J^^^^^^^^^^ 
will be refracted according to projection optics PL, and space image O?rojection image) PM of tiie 
pattern PM for measurement will be formed in the image surface of this projection ^Pt^^i^L. A^^^^^ 
iime the wafer stage WST shall be set as the location where said space image PM is formed « +^ 
side (or the -X side) of the slit 22 on the slit plate 90 of the space image measunng instrument 59. The 
top view of the space image measuring instmment 59 at this time is shown in dramn&6 (A). 
[0095] And with a main control unit 20, as the wafer stage WST is shown by the -'T^w head F in 
drawing 6 (A) through a wafer stage drive system, when it dnves m the direction of +X, ^ ^ht 22 « 
scannedby X shaft orientations to space image PM'. During this scan, the hght (illumination light IL) 
wS p^ses a slit 22 is received with a photosensor 24 through the light-receiving optical system in the 
wafer stage WST (the optical derivation section and a light-receiving lens when [ or ] it is drawmg 3 ), 
Tnd irpholelec^^^^ signal is supplied at a main confrol unit 20. Iri a mam control umt 20. 

the optical intensity distribution conesponding to space image PM' are measured through a non- 
illustrated signal-processing system based on the photo-electnc-conversion signal. . . , 
[Sf^ eSmpL of the photo-electric-conversion signal (signal on the sfrength [ opUcal ]) P acquired 
in the case of the above-mentioned space image measurement is shown m drawing 6 (B). 
[0097] this case, an image equalizes space image PM' under the effect of the width of face (2D) of the 
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scanning direction of a slit 22, not a scanning direction but the scanning direction to the above- 
mentioned space image, i.e., X shaft orientations, at the time of scan exposxire. 
[0098] Therefore, the relation of on the strength signal m (x) which will be observed with intensity- 
distribution [ of a space image ] i (x) if m (x) can express [ the intensity distribution of p (x) and a space 
image ] a slit with the following (1) type for i (x) and the signal on the strength [ optical ] observed. Let 
the unit of intensity-distribution i (x) and on the strength signal m (x) be the reinforcement per umt 
length in this (1) type. 
[0099] 
[Equation 1] 

mix)' ]p(.x-u) Hu)du •••(1) 



[0100] 
[Equation 2] 

[0101] That is, on the strength signal m (x) observed becomes the convolution of intensity-distribution 
[ofSURITSU**p(x) and a space image ]i(x). „ j „ r. 

[0102] Therefore, from the field of measurement precision, width-of-face (it is only hereafter called siit 
width") 2D of the scanning direction of a slit is so good that it is small. 

[0103] As a ftinction f of the wavelength lambda of the illumination light IL, and numencal-aperture 
N A. of projection optics PL (lambda/N.A.), the artificer repeated various simulation, an experiment, etc. 
and performed slit width 2D. Consequently, when ft considered as sift width 2D=n- (lambda/N A.) and 
considered as a multiplier n<=l, it was checked that it is fully practical, and it is more practical if it is 
especially n<=0.8. Here, ft means that there is little degradation of an image profile in the case ot the 
conversion of a space image -> space image signal on the strength by being practical, and it becomes 
unnecessary [ the big dynamic range ] at the signal-processing system after a photosensor 24 
(optoelectric transducer) at it, and sufficient precision is acquired. . . , ■ * 

[0104] If an example of a resuft with the good above is shown, ft will become as ft is shown in the next 
table 1, for example. 



[0105] 
Table 1] 






B^AXO. 8 


iftfiCnm) 
248 


0.68 


364 


291 


248 


0.75 


331 


264 


103 
193 
193 


0.65 
0,76 

1 Qgg 1 


297 
257 
227 


238 
206 
182 



[0106] Although sufficient sift width (opening size: B in Table 1) changes with numencal aperture and 
wavelength as shown also in the above-mentioned table 1, 300nm or less of outlines is a suitable value. 
A sift of this level can be manufactured using a commercial chromium reticle (called mask 

BURANKUSU.). . . , „ 

[0107] As for the chromium reticle, the chromium film of about lOOnm thickness is usually yapor- 

deposited by the quartz substrate. A quartz substrate has the standard thing of 2.286mm, 3.048mm, 

4.572mm, and 6.35mm thickness. •^♦uor^ioo^ 

[0108] If a scan speed is made late and many hours are spent on measurement even if sht width 2D is so 

good that it is small like ****, and slit width becomes very small, in using a photomultipher as a 

photosensor 24 like this operation gestalt, detection of the quantity of light (optical reinforcement) is 

possible However, since the scan speed at the time of space image measurement has fixed constraint 

from the field of a throughput actually, if slit width 2D is too small, the quantity of light which 

penetrates a sift 22 will become small too much, and measurement will be difficult. 

[0109] According to the knowledge which the artificer acquired by simulation, experiment etc it was 

checked that the optimum value of slit width 2D serves as one half extent of the resolution limft pitch 

(pitch of a last shipment pattern) of an aligner. This is explained fiirther in fiiU detail later. 

[01 101 The space image metering device is constituted from this operation gestalt by the illummation- 

light study system 10, the space image instrumentation 59 (the slit plate 90 and a photosensor 24 are 
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included), the wafer stage WST, and the main control unit 20 so that clearly from old explanation. 
Moreover, the processor which accomplishes some space image metering devices is constituted by the 
main control unit 20 among this. 

[0111] The space image metering device and the space image measurement approach which were 
mentioned above are used for detection of an a. best focus location, detection of the image formation 
location of b. pattern image, base-line measurement of c. alignment microscope ALG, etc. 
[0112] Since c. base-line measurement in the aligner 100 of this operation gestalt was already explained, 
detection of the above-mentioned a. best focus location and detection of the image formation location ot 
b pattern image are explained hereafter, mixing an example. 

<Detection of a best focus location> Detection of this best focus location is used for the purposes, such 
as detection of the best focus location of for example, the A. projection optics PL, detection of the best 
image formation side (image surface), and B. spherical-aberration measurement. 
[0113] When it measures by the space image measurement approach of having mentioned above the 
space image of the last shipment mark of Rhine width of face of 0.2 micrometers, and50% of duty 
ratios the result of image formation simulation is shown in drawing 7 - drawing 12 . The conditions ot 
this simulation are N.A.=0.68 of the wavelength of 248nm of the illumination light, and projection 
optics, and coherence factor sigma=0.85 of lighting, and are slit width 2D=0.3micrometer. This 
condition is close to the conditions of B of Table 1. In addition, in drawing? - drawing 12 , an axis ot 
abscissa shows X location (micrometer) of a slit, and an axis of ordinate shows optical reinforcement 

foUM^^&l shows the simulation result in the Beth ** focus location. In this drawing 7 , wa,ve P2 
shown as a continuous line are equivalent to i (x) of (1) type with the space image 0^0 ?"^^^'^°"^/^'^ 
they equivalent to m (x) of (1) type with the signal on the strength [ optical ] from which wave P3 shown 
by the dotted line are obtained by the scan (space image measurement) of a slit. 
[0115] Drawing_8 shows the spatial-frequency component at the time of carrymg out the Founer 
Usform^ftheiignal P3 of drawing^ on the sfrength, i.e., the m, (x) with the ongmal signal P3 on tiie 
strength. In drawings , wave P7 wave P6 wave P5 wave P4 shown with a broken line are indicated to be 
with an alternate long and short dash line in a zero-order frequency component are indicated to be with a 
two-dot chain line in a primary frequency component are indicated to be as a continuous line in a 
secondary frequency component show the 3rd frequency component, respectively. In addition, by 
drawings , in order to m^e discermnent easy, P4-P7 carry out piling on^y of 1 .0, and they are shown. 
[ni16] Dmwing9 shows the simulation result at the time of defocusing 0.2 micrometers from abes 
focus location. In this drawing 9 , wave P2 shown as a <^onti^"°"«/\"%^;f,^^^^^^^ 
with the space image of 0.2micromL/S, and they equivalent to m (x) of (1) type witii the signal on the 
7t^nX [ optical ] from which wave P3 shown by the dotted line are obtained by the scan (space image 

measurement) of a slit, , . r. ♦♦i,^c^„^«r 

[01 17] Drawing 10 shows the spatial-frequency component at the time of carrying out tiie Founer 
ransform of the signal P3 of drawing 9 on the strength with the origina signal P3 on the ^trengfl^ In 
drawing 10 , wave P7 wave P6 wave P5 wave P4 shown with a broken line are indicated to be witii an 
Sa^ng and short dash line in a zero-order frequency component are indicated to be with a two-dot 
chain line in a primary frequency component are indicated to be as a "^^^^ 1^"^^" draX ?0 in 
frequency component show the 3rd frequency component, respectively In addition, by drawmgJO , m 
order to make discernment easy, P4-P7 carry out piling only of 1 .0, and they are shown. 
[0118] Drawing 11 shows the simulation result at the time of defocusing 0.3 micrometers from a best 
focus o"cation. Inthis drawing 11 , wave P2 shown as a continuous line are equivalent to i (x) of (1) type 
wTthe space unage o7^:^mL/S, and they equivalent to m (x) of (I type with the signal on the 
strength [ optical ] from which wave P3 shown by the dotted line are obtained by the scan (space image 

measurement) of a slit. , ■ r- • * TT^„r^*.f 

[01 19] Drawing 12 shows the spatial-frequency component at the time of carrying out the Founer 
transfomi of the signal P3 of drawing 1 1 on the strength with the original signal P3 on the strengk In 
drawingl2 , wave P7 wave P6 wave P5 wave P4 shown with a broken line are indicated to be with an 
dte^long and short dash line in a zero-order frequency component are indicated to be with a two-dot 
chain line in a primary frequency component are indicated to be as a continuous line m a secondao' 
frequency component show the 3rd frequency component, respectively. In addition, by drawing^ , m 
order to make discernment easy, P4-P7 carry out piling only of 1 .0. and they are shovm. 
[0120] The configuration of an image has collapsed clearly by 0.2-micrometer defocusmg so that it may 
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turn out that drawing? is compared with drawing . Moreover, when drawing 9 is compared with 
drawing JJ , it turns out that the configuration of an image has collapsed further clearly with mcrease of 

the amount of defocusing. ,t a- a a :„t^ o 

[0121] Moreover, as mentioned above, if the signal P3 on the strength [ optical ] is divided into a 
frequency component, various signal processing can be performed easily, for example, the gain of the 
primary frequency component P5 and the zero-order frequency component P4 --that is, (pnmary/zero- 
order), when its attention is paid to the contrast which is a gain, the contrast in the case of the best focus 
location shown in drawings is 0.43. Moreover, the contrast at the time of defocusing 0.2 micrometers 
from the best focus location shown in drawin g 10 is 0.24. Moreover, the contrast at the time of 
defocusing 0.3 micrometers from the best focus location shown in drawing 12 »s 0.047 
[0122] Thus, since the contrast which is a (primary/zero-order) gain changes with focal locations 
sensitively, it is convenient to determine a best focus location from a signal on the strength. That is, a 
best focus location is detectable by asking for the focal location where the confrast which is a 



forimary/zero-order) gain serves as max. t^t • j * ^*^a oo 

[0123] So, with this operation gestalt, the best focus location of projection optics PL is detected as 

foi 2^]^ reticle for measurement (it considers as reticle R' for convenience) j^jl^i^ii;^^^^^ 
mark if Rhine width of face of 0.2 micrometers (it is 1 micrometer on a reticle) and 50 /o of ^^^^los 
was formed as a pattern PM for measurement is used for detection of this best focus location for 
linpron a waf^Detection of this best focus location shall be performed under the completely same 
conditions as the simulation mentioned above. . . a Movt in a 

[0125] First, reticle R' is loaded on a reticle stage RST by the non-illustrated retic e loader. Next "i a 
main conS unit 20, the pattern PM for measurement on reticle R' moves m a reticle stage RST so that 
it mav be mostly in agreement on the optical axis of projection optics PL. , 

[0?26] Next whh a main control unit 20, drive control of the movable f -^^^^^^ - ^^^^^ 
a 1 Ehting field is specified so that the illumination light IL may be irradiated by only the Pattern PM part 
?o measiSnei^^. The illumination light IL is irradiated at reticle R', and in th^« co^^ition^^^^ scan 
r^ethod performs space image measurement of the pattern PM for measurement like the above- 
mentions UkT^^heabove-mLtioned in a main control unit 20 using the space image measunng 
SsSSrnt 59 sc^inr^^ wafer stage WST to X shaft orientations. Under the present circumstances, 
i^a^rn con^ol^t 2^ a multiple-times repeat and the signal (photo-electnc-conversion signal) of 
SchTrlie oT^e^r^U [ optical ] are memorized to an internal memory changng *e location 
rnamelv Z location of the wafer stage WST) of Z shaft onentations of the slit plate 90. 
mm j And i^^^^^^^ unit 20, the Fourier transfonn of two or more sipa s (photo-elecfric- 

searched for And in a main control unit 20, Z location (namely, location of Z shaft onentatwns of the 
sUrS 90) of Ae wafer stage WST corresponding to the signal on the strength [ optical ] with which 
iat cfntras^^ servesl max is detected, and fhis location is determined as a best focus location of 
pioieSitSIpL. Since contrast changes sensitively like the above-mentioned according to a focal 
Sn (thTamount of defocusing), the best focus location of projection optics PL is easily [ often / 

KlTnirdKru^ S:t;Sude of the frequency component of the secondary high order rnore 
h.fde^ee is ee^^^^^ small and the amplitude to an electric noise and an optical noise may fiiUy be 
^^abfeTbe tair^^^^ in respect of a S/N ratio (a signal/noise), even if it observes 

Znge of^et2'<^?a^ frequency component, it can ask for abest focus location. Although it 

JSblfthS t is the pfttem the Rhine width of face and whose tooth-space width of face are 50% of 
eaua dSy riuo^ the last shipment mark which is a pattern for measurement, it is also possible to 
Sr*e m Jk of t^e oAer duty ratio. According to the knowledge which the artificer acquired as a result 
Tf thTe^periment eto., when the array period PM of the Rhine pattern of a last shipment mark, i.e., a 
ma7k pUch was follo;ing (3) type extent, it became clear that a good result was obtamed. 



[0129] 

PM=lambdam.A.x (1-1.2) - (3) 



in aSon detectton "^^^^ location is possible not only by the approach using the contrast 

mentfoH^wn A^^^^^^ of detecting Z location (focal location) where the differential value 

of the signal P on the sfrength [ optical ] (m of (I) type (x)) serves as max. 
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[01 30] Moreover, detection of the image surface configuration of projection optics PL can be performed 

as follows. ^ . , • J • 1 

[01311 That is on the occasion of detection of this image surface configuration, as shown in drawing 13 
as an example', the reticle Rl for measurement by which the patterns PMl-PMn for measurement ot the 
same dimension [ as the pattern PM for measurement mentioned above ] same penod were formed m 

pattern space PA is used. . , i i j xt ♦ » 

[0 1 321 First, a reticle Rl is loaded on a reticle stage RST by the non-illustrated reticle loader. Next, in a 
main control unit 20, the pattern PMk for measurement which exists in the center of a reticle Rl moves 
in a reticle stage RST so that it may be mostly in agreement on the optical axis of projection optics PL. 
Next with a main control unit 20, drive control of the movable reticle blind 12 is earned out and a 
lifihting field is specified so that the illumination light IL may be irradiated by only pattern PMl part for 
measurement. In this condition, in a main control unit 20, the illumination light IL is irradiated at a 
reticle Rl like the above-mentioned, a slit scan method detects space image measurement of the pattern 
PM 1 for measurement, and the best focus lotation of projection optics PL using the space image 
instrumentation 59, and that result is memorized to an internal memory. . ,u T>x>r i 

[01 331 With a main control unit 20, after detection of the best focus location using the Pattern PM 1 for 
measurement is completed, drive control of the movable reticle blind 12 is earned out^ and a hating 
field is specified so that the illumination light IL may be irradiated by only pattern PM2 part for 
measurement. In this condition, like the above, a slit scan method detects space image measurement of 
Se patt^ PM 2 for measurement, and the best focus location of projection optics PL, and that result is 
memorized to an internal memory. ^ ,j ,.i i. a ^f- 

mi 34] Henceforth, in a main control unit 20, changing a Hghting fie d, like the above, detection of 
measurement of a ^pace image and the best focus location of projection optics PL is repeated, and is 
performed about the patterns PM3-PMn for measurement. ^ ^ • • o„rf«o^ 

r01351 Based on each best focus locations Zl, Z2, Zn obtamed by this, the image surface 
confiirat on o? projection optics PL is computed by performing a predetemiined statistical procedure. 
fmS^^^^^ce it sTfield which consists of the set of the best focus point in the countless point gamely. 
Sies point that the so-called height of an image differs) that the distance from an optical a^s 
Tferslie image surface, i.e., best image formation side, of projection optics PL. it can search for an 
image surface configuration easily and conectly by such technique. 

01371 The above ctn perfonn detection of the best focus location of the A. projection optics PL 
mentioned above, and detection of the best image formation side (image surface). 
^13 8] Moreover, detection of the spherical aberration of projection optics PL can be performed as 

[0139mat is on the occasion of detection of this spherical aberration, as shown in diamngA4 , the 
tSR2 foi me^urement of X shaft orientations in pattern space PA by which die patterns PMl and 
PM^fo^meLur^TnT^nwo predetennined distance — were mostiy formed m Y shaft onenmtions 
fn the LT^fs SSi for example. The pattern PM 1 for measurement is a last shipment pattern of tiie 
ram:d"on as the patted PM for'measurement mentioned above ] same pa.od. Mo-ve^^^^^^^ 
pattern PM 2 for measurement is a last shipment pattern located in a line with X shaft onentations the 
neriod (for example about 1.5 to 2 times of the period (mark pitch) of the pattern PM 1 for 
TasteS wL^ the Rhine pattern of the same dimension as the pattern for measurement 

S First a reticle R2 is loaded on a reticle stage RST by the non-illustrated reticle loader. Next in a 
main con^ol uS 20 the pattern PM 1 for measurement on a reticle R2 moves m a reticle stage RST so 
Z it mTbe mis^^^ n a^eement on the optical axis of projection optics PL. Next, with a main control 
un?t 20 drive T^vo\ of t£ movable reticle blind 1 2 is canried out, and a lighting field is specified so 
Sia tiie Uhimination hght IL may be irradiated by only pattern PMl part for measurement In this 
^ondMon r^^^^^^ control unitV the illumination light IL is j-djated a^^^^^^^ S mL\«t 
mentioned, a slit scan method detects space image measurement of the pattern PM 1 ^^^^ "^^f "^^5";' 
^d die be;t focus location of projection optics PL using the space image mstnimentation 59, and that 

ToHlira^rSlTS™^ of detection ofthe best focus location ~ 
1 for measurement carries out predetermined distance migration of the reticle stage RST m the direction 
l %~S:^nZL.tion light IL may be irradiated by pattern PM2 P-^^^"^^^^^^^ 
condition, like the above, a slit scan method detects space image measurement ofthe pattern PM 2 for 
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measurement, and the best focus location of projection optics PL, and that result is memorized to an 

internal memory. . ^« , . . . ^u- ^i. v • i 

[0142] Based on a difference with each best focus locations Zl and Z2 obtamed by this, the sphencal 

aberration of projection optics PL is computed by the operation. 

[0143] It is one of the aperture aberration of optical system, and when a bundle of rays with vanous 
openings from the object point on an optical axis carries out incidence of the sphencal aberration to 
optical system, it is a phenomenon in which the corresponding image point does not carry out image 
formation to one point. Therefore, detection of the best focus location in the optical axis of projection 
optics can be repeatedly performed about two or more last shipment patterns of a different pitch, and 
spherical aberration can be easily searched for by the operation based on the difference of the best focus 
location corresponding to each pattern. In addition, the accuracy of measurement of the difference ot the 
best focus location in this case needs to be about 3sigma<20nm practically. 

101441 <Detection of the image formation location of a pattern image> Detection of the image formation 
location of a pattern image is performed for each purpose of the scale factor of C. projection optics and 
distortion measurement, comatic-aberration measurement of D. projection optics, and E. lighting 
TERESEN measurement. ^ . ... 

r01451 The pattern for measurement (mark used as the candidate for measurement) vanes with the 
purpose If it classifies, it will become as it is shown in the next table 2. Here, since it is desirable that it 
is fundamentally in agreement with the measurement result of the image formation property can be 
burned and according to law which mentioned above the measurement result of the image formation 
property of projection optics based on space image measurement, by Table 2, it can be b^med and the 
mark for space image measurement (pattern for space image measurement) is shown with the mark for 
measurement. 
0146] 

-Table2]_ _^ | fc ^j ^#.4!id*M.r->7 1 * .gj^tH-iarti^-^ 

Box In Box Mat1( . 



Line in Box Martt « 



Box in Box Marh 



Box in Box Mark , 



Lino in Box Mark . 



Box in Box Marit « 



[0147] Next, the scale factor of projection optics PL and distortion measurement are ^xp^amed On the 
occasion of tiie scale factor of this projection optics PL, and distortion measurement, as shown in 
Sng 15 The reticle R3 for measurement in which the patterns BM1-BM5 for measurement which 
SSmX square mark of a total of five 1 50-micrometer angles (it is 30-niicrometer angle on a 
wafefsideTtSe projection scale factors 1/5) to the core of pattern space PA and the part of four angles 
:S fomed fusV for example, moreover, on the slit plate 90 which — .^^/P^^^^^^ to X 
measuring instmment 59 in this case While slit 22a of the predetennined widtii of face W extended to X 
rhaftSatioTas shown in drawingJ6 , and die-lengtii L, and slit 22b of the predetermined widti^of 
face W eTnded to Y shaft orientations and die-length L are fonned Light-receiving shall be possible 
So Lut S^. tight which penetrated any of Slits 22a and 22b with the intern^ hght-receiving optical 
^ystemtd th^^^^^ photosensor 24 (or the optical derivation section and the hght sensing portion of 
drawine 3 ) of the wafer stage WST. Here, W is 0.3 micrometers and L is 25 micrometers 
Sffrst a reticle R3 is loaded on a reticle stage RST by the non-iUustrated reticle loader. Next, m a 
Slin Ln rol unU 2o! the core of the pattern BM 1 for measurement which exists m the center of a rettcle 
R3 m^es to a retici; stage RST so that it may be mostly in agreement on the optical axis of projection 
optiTs ^L Nex wi h a r^ain control unit 20, drive control of the movable reticle blind 12 is earned out 
S a iSitiSerd is specified so that only a somewhat larger rectangle field part than the pattern BM 1 
for meaS^it w^^^^^^^ the illumination light IL contains the pattern BM 1 for measurement may 
[naSTrh^c^^^^^^^ the illumination light IL is irradiated with a main contirol umt 20 at a reticle 
Si^erebyl as shown in drawinai6 . the pattern image of the shape of a square of space image BMl 
ofthe pattern BM 1 for measurement, i.e., about 30micro angle, is fonned. . . 

foi491 SpaS image measurement ofthe pattern PM 1 for measurement is perfonned using tiie space 
mate mSsu^^^^^ 59, scamiing the wafer stage WST to X shaft orientations m a main contirol 

Tt 2oTn S^S cS^^ as shown to drawing by the arrow head A and on the strength [ optical ] 
Sal m (x) obtained by that measurement is memorized in memory. Next, m a mam control unit 20, it 
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asks for the image formation location of the pattern PM 1 for measurement by the technique of well- 
known phase detection based on obtained on the strength [ optical ] signal m (x). Here, as- the technique 
of this phase detection, while asking for the sum for a product, for example, one period, with the sme 
wave used as the same standard of frequency as the primary frequency component (it can be considered 
that this is a sine wave) and this which are obtained by carrying out the Fourier transform of the on the 
strength [ optical ] signal m (x), it asks for the sum for a product with the cosine wave used as the 
criteria of the same period as said primary frequency component and this, for example, one period, for 
example. And the general method of searching for the phase contrast over the reference signal of a 
primary frequency component, and asking for the X location xl of the pattern PM 1 for measurement 
based on this phase contrast can be used by asking for the arc tangent (arc tangent) of the quotient 
obtained by doing the division of the obtained sums. 

[01 50] Next, in a main control unit 20, space image measurement of the pattern PM 1 for measurement 
is performed using the space image measuring instrument 59, scanning the wafer stage WST to Y shaft 
orientations, and on the strength [ optical ] signal m (y) obtained by the measurement is memonzed m 
memory. And it asks for the Y location yl of the pattern PM 1 for measurement by the technique of the 
same phase detection as the above. And in a main control unit 20, the location gap to the optical-axis 
core of a reticle R3 is amended based on the coordinate value (xl, yl) of the obtained pattern PM 1 for 

measurement. /, , , a ^ \ 

[0151] With a main control unit 20, after amendment of a location gap of the above-mentioned reticle 
R3 is completed, drive control of the movable reticle blind 12 is carried out, and a lighting field is 
specified so that only a somewhat larger rectangle field part than the pattern BM 2 for measurement with 
which the illumination light IL contains the pattern BM 2 for measurement may irradiate. In this 
condition, like the above, a slit scan method performs space image measurement of the pattern BM 2 for 
measurement, and measurement of that XY location, and that result is memorized to an internal memory. 

[01 52] Henceforth, in a main control unit 20, changing a lighting field, like the above, measurement of a 
space image and measurement of XY location are repeated, and are performed about the patterns BM3- 
BM5 for measurement. 

[0153] Based on the coordinate value (x2, y2) of the patterns BM2-BM5 for measurement obtained by 
this, (x3, y3), (x4, y4), and (x5, y5), at least the scale factor of projection optics PL and one side of 
distortion are computed by performing a predetermined operation. 

[0154] Distortion is the aberration of the projection optics PL which becomes the image at which what 
should become a straight line essentially around in the image field ttimed, like the case where there is a 
scale-factor error by this distortion, a pattern image shifts fi-om the position on the image surface, and 
image formation (carrying out a strike slip) is carried out. 

[0155] Therefore, since it can ask with a respectively sufficient precision, either [ at least ] distortion or a 
scale factor is measurable with a sufficient precision according to the measurement approach of of the 
scale factor and distortion which were mentioned above, as a result with the technique of phase detection 
of a location gap of the space image of each pattern for measurement projected on the location where it 
differs in the image field of projection optics PL. 

[0156] However, in pattern image BMn' (n= 1, 2, 5) of single 30-micrometer angle, even if rt cames 
out a slit scan, the edge of the image has only two places and measurement precision may not be 
acquired enough. In such a case, what is necessary is just to use the reticle in which the pattern for 
measurement (referred to as "CM 1 -CM5" for convenience) which consists of the big last shipment 
pattern which is extent which does not almost have being influenced of comatic aberration, for example, 
a last shipment pattern with a Rhine width of face of 5 micrometers or more, (this space image ttims into 
a last shipment pattern image with a Rhine width of face of 1 micrometer) replaced with the patterns 
BM1-BM5 for measurement, and was formed. In case space image measurement is performed using 
such a reticle, the condition that space image CMn' (n= 1, 2, .... 5) of the patterns CM1-CM5 for 
measurement was formed on the slit plate 90 is shown in drawing 17 . 

[01 57] In addition, in a top, by the technique of phase detection, although a location gap of the space 
image of the pattern for measurement shall be measured Space image measurement of a sht scan method 
is repeatedly performed not only like this but like the above-mentioned about the space image (BMn' or 
CMn') of the pattern for measurement (BMn or CMn) projected on the location where it differs in the 
image field of projection optics PL. Based on an intersection with predetermined slice level, the location 
(location of an edge) of the space image (BMn' or CMn') corresponding to each photo-electric- 
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conversion signal is computed, respectively, two or more on the strength [ optical ] signals m (x) (photo- 
electric-conversion signal) obtained by the repeat ~ respectively --**-- It is good also as asking for at 
least the distortion of projection optics PL, and one side of a scale factor based on this calculation result. 
By the technique of edge detection in which the slice method was used, in this case, it can ask for the 
location of the space image (BMn' or CMn') projected on the location where it differs in the image field 
of projection optics PL with a respectively sufficient precision, and either [ at least ] distortion or a scale 
factor can be measured with a sufficient precision as a result to it. In this case, each signal on the 
strength [ optical ] is made binary with the set-up slice level, and when a setup of that slice level is 
appropriate, it becomes measuring the edge location of the resist image actually acquired by baking, and 
equivalence so that it can imagine from the relation between wave P2 of drawing 7 , and P3. 
[0158] By the way, in the present aligner, management of the distortion (a scale factor is included) of 
projection optics is performed as follows using the criteria wafer. With a criteria wafer, after imprinting 
the outer BOX mark of 30-micrometer angle in the exposure field by projection optics, it etches through 
a development process here, and the location of the edge of an outer BOX mark is beforehand measured 
with an interference-of-light-wave type coordinate measuring instrument etc. after the etching. And the 
resist image of the inner BOX mark of lO-micrometer angle can be burned on the core of the outer BOX 
mark of 30-micrometer angle etched at the time of distortion measurement of an aligner, and a relative 
position is measured with a registration measuring instrument etc. 

[0159] Therefore, if distortion measurement is performed by detecting the space image of the BOX mark 
of 10-micrometer angle by the technique of edge detection on a wafer (on the image surface), it will 
become the time of distortion measurement of the above [ the effect of comatic aberration ] using a 
criteria wafer, and an EQC, and a relative difference will not occur. For this reason, distortion can be 
measured now from a space image in a precision (accuracy) equivalent to the distortion measurement 
using the above-mentioned criteria wafer. 

[0160] In order to realize this, it is possible to form the inner BOX mark of 50-micrometer angle (wafer 
top 10-micrometer angle) in the device reticle mentioned above or a reticle fiducial mark plate. 
However, in the latest CMP process, since dishing arises, it is not put into the mark of a wafer top 10- 
micrometer angle. 

[0161] Then the artificer reached the conclusion that what is necessary is just to perform space image 
measurement using the mark (it is hereafter called a "false BOX mark" suitably) which subdivided the 
non-measuring direction (it is not necessary to be 10 micrometers) of the BOX mark of a wafer top 10- 
micrometer angle in the shape of a stripe, as a resuU of inquiring wholeheartedly. The signal wave form 
where the reason will be acquired if a false BOX mark is so-called kind of a last shipment pattern, scans 
a space image measuring instrument in the direction perpendicular to the periodic direction and performs 
space image measurement with a slit scan method is because the signal wave form acquired firom the 
space image of a BOX mark and the same signal wave form are acquired. 
[0 1 62] An artificer replaces with the patterns BM 1 -BM5 for measurement of the reticle R3 for 
measurement shown in drawing 15 . Reticle R3' for measurement in which the false box pattern which 
subdivided the pattern for measurement in the shape of a stripe about the direction of X was formed is 
used. As a result of the same procedure as the above-mentioned performing distortion measurement of 
the projection optics PL by the technique of edge detection, becoming a value equivalent to Y location 
of the pattern BMn for measurement as a Y location of each pattern for measurement was checked. 
Distortion measurement can be performed by preparing the reticle for measurement in which the false 
box pattern subdivided about the direction of Y and the false box pattern subdivided about the direction 
of X were formed, and carrying out the relative scan of each pattern for measurement fi-om this, to Slits 
22a and 22b. 

[0163] An example of the mark block (300-micrometer angle) with which the pattern for measurement 
of the false box pattern subdivided about the direction of Y mentioned above, the false box pattern 
subdivided about the direction of X, and others was formed in drawing 18 is shown. In this drawing 18 , 
signs MMl and MM2 are scale-factor measurement patterns which consist of 5micromL/S mark of five, 
signs MM3 and MM4 are focal measurement patterns which consist of ImicromL/S mark of 29, and 
signs MM5 and MM6 are false box patterns which consist of 2.5micromL/S mark of 1 1 . The mark block 
of this drawing 18 is formed in for example, a device reticle or a reticle fiducial mark plate. In addition, 
for example, below 2.5micromL/S extent (wafer top 0.5micromL/S extent) of firagmentation of a false 
box pattern is desirable. i • j Tn, 

[0164] Next, the measurement approach of the comatic aberration of projection optics is explained. Ihe 
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1 St approach measurement of comatic aberration uses a last shipment mark as a pattern for measurement, 
and the 2nd approach using a Line in Box mark as a pattern for measurement are mentioned typically. 
[0165] (The 1st approach) When it can be burned and measures comatic aberration by law, the method 
of using the line breadth outlying observation of the small last shipment mark image near the resolution 
limit is learned. Here, line breadth outlying observation is a value used as the index showing the 
unsymmetrical degree of the resist image formed of baking. For example, if it explains taking the case of 
the resist image of 0.2micromL/S mark (design value) shown in drawing 19 , the line breadth outlying 
observation A will be defined like the following (4) types using the line breadth LI and L5 of the Rhine 
pattern of both ends. 
[0166] 
[Equation 3] 



[0167] A is usually engine performance less than 3% is wished to projection optics (projection lens). 
[0168] Also in space image measurement, the line breadth outlying observation of such a last shipment 
pattern image is directly measurable. In this case, although what is necessary is just to use the technique 
of the edge detection by the slice method explained previously, it is desirable to determine that threshold 
as slice level by being in charge of the decision of slice level, making binary the signal on the strength 
[ optical ] corresponding to a space image with a suitable threshold (threshold level), and performing 
easy resist image simulation of bringing close to the line breadth of a resist image. 
[0169] Hereafter, the measurement approach of the comatic aberration by measurement of this line 
breadth outlying observation is explained. As shown in drawing 20 , the reticle R4 for measurement by 
which the patterns DM1 -DM5 for measurement were formed in a total of five places of the core of 
pattern space PA and the part of four angles is used for measurement of this comatic aberration. As 
patterns DM1 -DM5 for measurement, the last shipment pattern which has periodicity is used for X shaft 
orientations of 50% of duty ratios by Rhine width of face of 1 micrometer (it is 0.2 micrometers on a 
wafer side). Moreover, the configuration of the slit plate 90 which constitutes the space image measuring 
instrument 59 in this case, and the space image measuring instrument 59 etc. has the same composition 
as the time of the scale factor and distortion measurement mentioned above. 

[0170] In this case, in a main control unit 20, in the same procedure as the time of the scale factor and 
distortion measurement mentioned above, reticle alignment and space image measurement are 
performed, and on the strength [ optical ] signal m (x) corresponding to the space image (it considers as 
DM2'-DM50 of the patterns DM2-DM5 for measurement is obtained. 

[0171] And it asks for the intersection of this obtained each on the strength [ optical ] signal m (x) and 
predetermined slice level, respectively, and asks for the Rhine width of face of each Rhine about each of 
space image DM2' - DM5' fi-om the X coordinate of that called-for intersection, and based on this Rhine 
width of face, each line breadth outlying observation is computed based on (4) types, and the comatic 
aberration of projection optics PL is searched for based on this calculation result. 
[0172] Comatic aberration is the aberration of the lens by scale factors differing by the various zona 
orbicularis of a lens, and is produced into the part which is separated from the main shaft in the image 
field of projection optics PL. Therefore, in the location distant from the optical axis, the line breadth of 
each Rhine pattern will differ among the space images of a last shipment pattem according to comatic 
aberration. Therefore, according to the above-mentioned method of detecting the line breadth outlying 
observation of each Rhine pattem by the technique of edge detection using a slice method, it becomes 
possible to measure comatic aberration often [ precision ] and easily. 

[0173] In addition, since each patterns DM1 -DM5 for measurement are independent last shipment 
patterns containing five Rhine patterns, when the measurement precision of line breadth outlying 
observation is inadequate, the compound mark pattem with which five last shipment patterns constructed 
more than one the predetermined period, and have been arranged as each pattem for measurement may 
be used as each pattem for measurement. When such a compound mark pattem is used as a pattem for 
measurement (referred to as EM), signs that space image EM' of the pattem EM for measurement was 
formed on the slit plate 90 are shown in drawin g 2 1 . 

[0174] The frequency component fl of 0.4-micrometer pitch corresponding to [ as this space image EM* 
is shown in dr awing 22 ] the pitch of each Rhine pattem of two fundamental frequency components, i.e., 
a photo-electric-conversion signal, (the 1st fiindamental-frequency component), every - the 2nd 
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fundamental-frequency component corresponding to the width efface of the whole L/S pattern, i.e., 
here, - every -- it has the frequency component f2 corresponding to 3.6-micrometer pitch which is the 
repeat period (arrangement pitch of the mark group who consists of a mark of five) of a L/S pattern. 
[0175] Like the above-mentioned, therefore, in a main control unit 20 In the same procedure as the time 
of the scale factor and distortion measurement mentioned above, reticle alignment, When space image 
measurement is performed and on the strength [ optical ] signal m (x) corresponding to the space image 
(it considers as EM2'-EM5') of the patterns EM2-EM5 for measurement is obtained, and the 1 st 
fundamental-frequency component of each signal on the strength [ optical ], It is good also as computing 
by the technique of phase detection in which phase contrast with the 2nd fundamental-fi-equency 
component was mentioned above, and searching for the comatic aberration of projection optics PL based 
on this calculation result. , , r t. 

[0176] Since it is greatly influenced of comatic aberration so that the width of face of the scanning 
direction of the pattern set as the object of space image measurCTient is narrow, the effect of comatic 
aberration to the space image of each Rhine pattern of a last shipment pattern and the effect of comatic 
aberration to the space image of the pattern at the time of putting the whole last shipment pattern at one 
pattem are different. Therefore, the phase contrast of the 1st fiindamental-fi-equency componerit 
corresponding to the pitch of each Rhine pattem of a photo-electric-conversion signal and the 2nd 
fundamental-frequency component corresponding to the width of face of the whole last shipment pattem 
is computed, and according to the above-mentioned method of searching for the comatic abOTation ot 
projection optics based on this calculation result, the comatic aberration of projection optics PL can be 
searched for with a sufficient precision by the technique of phase detection. In addition, as for the ratio 
of the arrangement pitch (the upper example 3.6 micrometers) of the mark group who consists of an 
arrangement pitch (the upper example 0.4 micrometers) of a mark, and a mark of five in this case, 
considering as an integral multiple is desirable from signal processing. , • j o „ 

[01771 (The 2nd approach) Next, the 2nd measuring method of comatic aberration is explained By this 
approach, as shown in drawing 23 (A), the reticle R5 for measurement by which the Pattems FMj-FM5 
for measurement were formed in a total of five places of the core m pattem space PA and the Part of four 
angles is used. The mark pattem called Line in Box Mark as shown by expanding to dramn£23 (B) as a 
oattem FMn (n= 1, 2, 5) for measurement is used. As this mark pattem is shown in drawmg23 (B), 
one side is this alignment inside the square pattem of Dl (1= 150 micrometers of for example, D) £md 
one side is the mark pattem with which the tooth-space pattem (width of face D3) °f 
(2= 100 micrometers of for example, D) was formed. If it can be burned on a wafer and this pattem FMn 
for measurement is developed, the rill of 20-micrometer angle will be formed in the core of the resist 
remnants mark of 30-micrometer angle at coincidence. As for a rill, it is desirable to consider as the size 
of (wavelength / N.A.) / or less 2 extent, therefore, as for D3, it is desirable that it takes the 5 or less 
times for extent. For example, D3 is set to 0.5 micrometers. ^ • i n «^.„r. if 

[01781 Since a strike slip will be larger than a thick wire and the direction of a thm line will occur it 
image formation of this pattem FMn for mark measurement is carried out by projection optics with 
comatic aberration, a rill carries out eccentricity and symmetric property collapses. Therefore, the ettect 
of comatic aberration can be known by measuring the eccentricity of the nil, i.e., extent ot how 
depending on which symmetric property collapses. 

[01791 Moreover, the configuration of the slit plate 90 which constitutes the space image measuring 
instmment 59 in this case, and the space image measuring instmment 59 etc. has the same composition 
as the time of the scale factor and distortion measurement mentioned above. , , • ^ ^• 

[01 801 So, in a main control unit 20, in the same procedure as the time of the scale factor and distortion 
measurement mentioned above, reticle alignment and space image measurement are Pe^^y^^^ .^"^ 
the strength [ optical ] signal m (x) corresponding to the space image (it considers as FM2 -FM5 ) ot tne 
pattems FM2-FM5 for measurement is obtained. . , . j . . a i;^» 

[01811 And based on the intersection of each signal on the strength [ optical ] and predetermined slice 
level a gap of the symmetric property of space image FM2' of the pattem for measurement - FM5 is 
computi, and the comatic aberration of projection optics PL is searched for based on this calculation 

result x* 
[0182] Thus, by the technique of edge detection using a slice method, a gap of the symmetric property of 
the space image of the pattems FM2-FM5 for measurement is computed, and according to the above- 
mentioned method of searching for the comatic aberration of projection optics PL based on the 
calculation result, the comatic aberration of projection optics PL can be searched for with a sufficient 
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precision. . . . . j- ..u 

[01 83] It thinks, also when SURITSU ** of the non-measuring direction interferes with a space image 
on arrangement of the slits 22a and 22b on the slit plate 90 in the above-mentioned case. In such a case, 
the 1 -dimensional mark of the bilateral symmetry to which it replaced with the above-mentioned mark 
FMn for measurement, for example, the thick Rhine pattern with a line breadth of about 50 micrometers 
and the thin Rhine pattern with a line breadth of about 0.5-0.75 micrometers were located in a line in ttie 
measurement direction at intervals of predetermined (for example, about 50 micrometers) may be used 
as a pattern for measurement. 

[0 1 84] The condition that space image GMn' of such a pattern for measurement (referred to as GMn) 
was formed on the slit plate 90 is shown in drawing 24 . In this drawing24 , D4 is 10 micrometers and 
D5 is 0 1 -0 1 5 micrometers. The comatic aberration of projection optics PL may be detected by 
detecting by the approach of the edge detection by the slice method which mentioned above the signal 
on the strength [ optical ] corresponding to such space image GMn*. 

[01 85] As a result of carrying out the location gap of the space image of the Rhine pattern with the thin 
width of face of a scanning direction (the measurement direction) greatly under the effect of comatic 
aberration, as for the space image of the symmetry mark pattern which has two or more kinds of Rhine 
patterns with which the line breadth arranged at intervals of predetermined m the direction 
corresponding to a scanning direction differs like the pattern (GMn) for measurement, the symmetnc 
property shifts greatly, so that comatic aberration is large. 

[01 86] Therefore, according to the approach of detecting a gap of the symmetnc property ot above- 
mentioned space image GMn', the comatic aberration of projection optics PL is detectable with a 

sufficient precision. . j 

ro 1 87] Of course, in order to improve measurement repeatability also in this case, it is good also as 
detecting space image HM' of a pattern for measurement like drawing 25 by which repeat arrangement 

was carried out. , • j 

[0188] Next, the measuring method of lighting TERESEN is explained. 

01891 Lighting TERESEN measures and determines the amount firom which an image position changes 
with defocusing. As a pattern for measurement, a scale factor and the big mark pattern which is not 
influenced of comatic aberration like De Dis **-SHON measurement are used When it bums and is 
based on the ** method, Boxin Box Mark or a large last shipment mark is used, it is three points, a best 
focus location, the defocusing location which is about +1 micrometer, and the defocusing location which 
is about -1 micrometer, and exposes, respectively, the relation between an image position and a focal 
location is measured, and calculating lighting TERESEN (= (the amount of stnke slips / the amount of 
defocusing of an image)) is performed. . . , a „ 

[01901 Using the big mark which is not similarly influenced of comatic aberration with be burned, in 
space image measurement, the absolute location of a space image is measured in each focal location, and 
it calculates lighting TERESEN. „*„u«f****i 
[0191] As explained to the detail above, according to the aligner 100 of the operation gestalt of ♦ 1 
From having the space image measuring instrument 59 which has slit width 2D=n. (lambda/N. A.) and 
the slit plate 90 which is n<=0.8 By performing space image measurement of the pattern tor 
measurement on a reticle or a reticle fiducial mark plate using this space image instruinentation, httie 
hiehlv precise space image measurement of degradation of an image profile is attained in the case ot 
convCTsion of a space image -> space image signal on the strength. In this case, the big dynamic range 
becomes unnecessary at the signal-processing system after a photosensor 24 (optoelectnc transducer). 
[01921 Moreover, in an aligner 100, a main control unit 20 can measure measurement of the space image 
bv the above-mentioned slit scan method, and the various image formation properties of the projection 
optics PL using this measurement result which was mentioned above with high precision using the space 
image measuring instrument 59. Therefore, it can be based on the measurement result of this image 
formation property, for example, optical-character ability of projection optics PL can be adjusted with 
high precision at the time of starting of the aligner in works etc. Especially or about distortion or a scale 
factor The above-mentioned measurement is performed periodically and it is based on this measurement 
result The image formation property compensator which is not illustrated [ of projection opttcs PL J 
(For example, equipment [ carry out Z and the tilt drive of the specific lens element which constittites 
projection optics and ]) Or distortion, a scale factor (especially non-scanning direction at the time ot 
scan exposure), etc. can be amended using the equipment which adjusts the internal pressure of the 
sealed cabin prepared between the specific lenses which constitute projection optics. In addition, 
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amendment of the scale factor of the scanning direction at the time of scan exposure is performed by 
adjusting one [ the reticle for example, at the time of scan exposure, and / at least ] scan speed of a 

[01931 Thus, in an aligner 100, since exposure is performed by adjustment of the image formation 
property of projection optics using the projection optics PL to which the image formation property was 
adjusted with high precision, for example in advance of the initial adjustment of the miage formation 
property of projection optics, or exposure initiation, improvement in exposure precision is attained as a 

[0194] Moreover, by controlling the location of Wafer W by the aligner 100 using that amount of base 
lines at the time of exposure etc., since detection of the amount of base lines of the alignment 
microscope ALG 1 as a mark detection system is performed with a sufficient precision by the main 
control unit 20 using the space image instrumentation 59, improvement in the superposition precision ot 
a reticle and a wafer is possible, and improvement in exposure precision is possible also in this point. 
[0195] In addition, although slit width 2D explained the case where it was determined in consideration 
of both wavelength lambda of the illumination light, and numerical-aperture N.A. of projection optics 
PL with the above-mentioned operation gestalt, this invention is not limited to this. 
[0196] That is, slit width 2D may be defined in consideration of wavelength lambda or numencal- 
aperture N.A. Even if it uses the space image measuring instrument equipped with the slit plate which 
has the slit of such slit width 2D, high measurement of the precision of the space image (distribution ot 
image reinforcement) of a predetermined pattern is possible by the slit scan method like the above- 
mentioned operation gestalt. ^.^ 1 
[0197] Next, the decision of slit width (2D) is explained fiirther. Here, the case of focal measurement is 
taken up as an example and the decision approach of suitable slit width is explained. 
[0198] It asks by detecting Z location (Z coordinate of a contrast peak) of the slit plate 90 where the 
contrast which is the (primary/zero-order) gain of a multiple-times repeat and the signal on the strength 
r optical ] acquired by this serves as max with a slit scan method in space image measurement ot the 
pattern for measurement, measurement of the best focus location of projection opttcs changing the 
location of Z shaft orientations (the direction of an optical axis) of the slit plate 90 like the above- 

[0^99] Usually, on the occasion of detection of a best focus, it is 0.15 micrometers in pitch spacing, and 
15-step (step) extent change of the slit plate 90 is carried out. . . ^ . j • 

[0200] Here an example of the above-mentioned best focus detection is explained using (Rawing 26 . 
This drawing 26 shows an axis of abscissa for the measurement value (x mark in drawing 26 ) ot the 
contrast of 13 points which the slit plate 90 was changed to Z shaft orientations m 13 steps (st^), and 
was acquired on each point as the Z-axis. Based on the measurement value of the contrast ot 13 points 
shown by X mark in drawing^ , it asks for the 4th approximation about curve C with the least square 
method It asks for the intersection of this approximation curve C and the suitable threshold (threshold 
level) SL, and let the middle point of distance =2B during an intersection be a Z coordinate value 
corresporiding to ** SUTOFOKASU. , . ■ ^ ■ 

[0201] The same diagram as drawing 26 is shown in drawing 27 . However, by this drawm&ll an axis 
of ordinate shows the amplittide (or first order mentioned later) of a primary component. A tocal 
detection precision when making immobilization the range of WZ (the number of = step pitch x data) m 

drawing 27 here is considered. ■ ■ j ■ ^ „ .u„* 

i^20rmHf the amplitude of a primary component is set to S when a shot noise is dominant, a shot 
noise is proportional to Sl/2. the fluctiiation which the noise of the amplitude of a each pnmaty 
component does to the Z direction of data since the average inclination of the curve about Z ot the 
amplittide of a primary frequency component (it is hereafter sketched as a "Pri"^^«,o^P°i^^"^ 
suitably) is in inverse proportion to the depth of focus (DOF) - Noise N ~ then ~ N**Sl/2 and 
DOF**lambda-S l/2/(N.A.) 2 .... (5) 

There is ******. Here, N.A. is the numerical aperttire of projection optics. 

[0203] However, it is since there is relation between P**lambda/N.A. when line breadth of an object 

pattern is set to P. S/N**(N.A.) 2 and Sl/2/l/2/[ of lambda* *lambda-S] P ... (6) 

****** is realized. Here, S/N is a S/N ratio which is a ratio of the amplittide of a pnmary component, 

r02041^f2?mS^iS is dominant, a dark noise is not dependent on the amplittide S of a primary 
component. Since the average inclination of the curve about Z of the amplittide of a pnmary component 
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is in inverse proportion to DOF, if the noise of the amplitude of a each primary component makes Noise 
N iluctuation done to the Z direction of data N**DOF**lambda/(N.A.) 2 .... (7) 
rhcrc is ****** 

[0205] Therefore, line breadth of an object pattern is set to P. S/N** (NA) 2.S/lambda**lambda, S/P .... 

(8) 

There is ****** 

r02061 If wavelength and an object-pattern pitch are determined in case slit width (2D) is made the more 
nearly optimal than (6) and (8) types, it turns out that a S/N ratio is proportional to the 0.5 - 1st power ot 
the primary amplitude S with the property of a noise that what is necessary is just to pay its attention to 
the amplitude S of a primary component. „ , .t^x ^ 

r02071 An example of the simulation result for asking drawing 28 (A) - drawing 3 1 (B) for the range 
where slit width (2D) is desirable is shown. Among these, drawing 28 (A), drawing^ (A), drawmgJO 
(A) and drawing 31 (A) show the case of the conditions of N.A.=0.68, lambda= 248nm ai^ 
sfiia=0.^:i^ver, dra^^ (B), drawing 29 (B), drnwingJO (B), and drawm&li (B) show the 
case of the conditions of N.A.=0.85, lambda= 193nm, and sigma=0.85. r , • 

[02081 Drawing 28 (A) and (B) show the S/N ratio about the focal detection at the time of applying (6) 
Wpes supposing the example which used the photomultiplier. In dmwin&28 (A), as a Pattern tor 
S^asurement, the Rhine width of face L is 200mn, 220mn, and 250mn, respectively, and a coritinuous 
hne (-) a broken line (**), and a dotted Une (**) show the case where each duty ratio uses 50% of last 
shTpme'nt pattern, respecti;ely. In drawing 28 (B), as a pattern for measurement, the Rhine width of face 
L is 120nm, 130nm, and I40nm, respectively, and a continuous line (-), a broken line (**), and a dotted 
line (**) show the case where each duty ratio uses 50% of last shipment Pattem'/^spectively. 
[02091 Drawine29 (A) and (B) show the contrast corresponding to drawing 28 (A) and (B), 
respecti>^^ becomes so large that slit width is small. Since the zero-order amplitude is 
prSonal to slit width, it is the first order (1st Order) which multiplied confrast by the ratio of the sht 
S onTe ba is of 0.3 micrometers. This is proportional to the amplitude of a P"«^f-y ^"^^'J?^;- 
r02 10] The first order corresponding to drawingJS (A) and (B) is shown m drawing^ (A) and (B). 

To?! n Also in the case of line breadth [ which wavelength and ], it bfc^^ clear fr^^^ 1 - 

Lnd (B) that the same die length as the one half of a pattern pitch (=2L) f ^Pt^'^^l ^^^^^^ 
Sd) for focal detection is the optimal as a result. Although it is so good that it is small about a pitch it 
is indispensable that it is less than the resolution limit, of course. Therefore, the opUmum value of slit 
width serves as one half extent of the resolution limit pitch of an aligner. 

[0212] Drawing 31 (A) and (B) are the same conditions as drawing 28 (A) and (B). and show the S/N 

ratio about the focal detection at the time of applying (8) types „;^,^„int 
0213] Here, optimization of slit width 2D is explained from still more nearly a"°tber viewpoint 
0214 When width-of-face 2D of the slit of a space image measuring instnmient and the ^tensity 

dltobltio^^^^ image are set to i (x), slit transparency on-the-strength m (x) is expressed with the 

following (9) types which generalized (1) type mentioned above. 

[0215] 

[Equation 4] 

m(x)- J i(f)dt -<9) 

[0216] Focal detection is calculated from zero-order [ of the image °V^^trh?Im ^a^sTarlnc^^ 
limit on the strength ], and the primary ratio (contrast)^ b-sin (omega ^ 
reinforcement mO (x) observed, and ml (x) become like the following (10) and (11) types about the 
SnforcS^en of a and a primary component in the reinforcemerit of tiie zero-order cornpon^t contamed 
In Jhe image of a space image on the strength. However, omega 1 is the spatial frequency of the 
resolution limit. 
[0217] 
[Equation 5] 

M*p 

m,W-a J dt-2aD •••(10) 

[0218] 
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[Equation 6] 

m -ft "j 8in(«iO«*- ■^sm(c^*)-8iii(«i^D) 

r02 191(10) More simply [ a zero-order component / slit width ] than a formula, proportionally, a 
primary component becomes max from (1 1) types, when satisfying the conditions of the foUowmg (12) 

types. 

[0220] 

omegalD=pi/2- (2n-l) .... (12) 

[022'^ 1 n 2)"when sm width 2D will be odd times pi/omega 1 , it is desirable that it is odd times the one 
half (it s hereafter called the "minimum half pitch" suitably) of the minimum m^Jc pitch at that from 
which the gmn of a primary component serves as max at the time of odd times of D=pi/(2omegal) when 
satisfying a formula (contrast serves as max). 

102221 Moreover, since the dynamic range of an electnc system becomes e^y so that the gam ot a 
primary component is high and the gain of a zero-order component is low. ^ejas^ wto 
agreement with the minimum half pitch by (12) formulas after all m the case of n- 1 (i.e., when slit 
width 2D is oi/omeea Difit puts in another way is best. . r.. • a 

r02l3] menrwSth 2D is 1 time the minimum half pitch, the simulation data at the time of being 3 
rimes U shown in drawingJl (A) and (B), respectively. In these drawings, the curve 1 ot a 
SnuousZe shSf^^^^ the A transmitted light on the strength, an alternate long ands^rt 
dasiTL LL 2 shows the differential signal, and a broken line LL 3 shows J^J^^^^^^^ 
In these drawings an axis of abscissa is a slit location and an axis of ordinate is signal strength^ 
[^2*4 wSTsK^^ 2D is 5 times the minimum half pitch, the simulation data at the t;me of being 7 
times is shown in drawing33 (A) and (B), respectively. In these drawings, the curve LL 1 of a 
rntLuot Une^^^ sui transmitted Ught on the strength, an alternate long and short 

STe LL 2 sCl th^ differed signal, and a broken line LL 3 shows space image reinforcement. 
?n tSi ^drawLgs!! axis of abscissa is a slit location and an axis of ordinate is signal sfrength. 

r^'^M^^S^^^^^ of (I) and (2) types which were mentioned above is carried 
oul theTequenc; characteristics of the equalization effectiveness by the sht will become clear. 

[0227] 
[Equation 71 

rn90R1 Freauencv characteristics in case slit width 2D is 1 of the half pitch of the resolution limit and 3 

S<'-nndt-S,n"^eS^^ " S^Uon gestal. of U,is invention is explains. 

ordiaSnaS^d tain^aS . Here, abon. a component the same as that of the alt^er 100 
crnceTnl^rff^perati^ttirmentioned above, or equivalent, whtle nsmg the same stgn, the 

rol^t pa^^SSo"; .his 2nd operaHon gestalt is omitted and sho™ 

[0230] A Pf °' 1,0 only ,he configuration of the aligmnent optical system ALG 2 as 

aUgner Z. Then, this difference is explained as a core 

[OmT] TOs alignment optical system ALG 2 is the laser scanning type alignment sensor of the off-axis 
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method formed in the side face of projection optics PL, as shown in drawingJS . 
[0232] This alignment optical system ALG 2 is constituted including the light source 132 for alignment, 
a half mirror 134, the 1st objective lens 136, the 2nd objective lens 138, and silicon photodiode (SPD) 
1 40 grade, as shown in draw ing 35 . Here, He Ne laser is used as the light source 1 32. Under this 
alignment microscope ALG 2, as shown in drawing 35 , a laser beam spot for a laser beam to illuminate 
the alignment mark Mw on Wafer W through a half mirror 134 and the 1st objective lens 136 from the 
light source 132 is formed. It is usually fixed and a laser beam carries out the relative scan of a laser 
beam and the alignment mark Mw by scanning the wafer stage WST (scan). 

[0233] The scattered light generated from the alignment mark Mw is condensed and received on the 
silicon photodiode SPD 140 through the 1st objective lens 136, ahalf mirror 134, and the 2nd objective 
lens 138. The zero-order optical filter is inserted in the microscope ALG 2, it has become dark field, and 
the scattered light is detected only in the location where the alignment mark Mw exists. And the photo- 
electric-conversion signal of the light which SPD140 received is supplied to a main control unit 20 from 
SPD140 In a main control unit 20, the coordinate location of the ally noodle ** mark Mw in the stage 
system of coordinates specified with an interferometer optical axis is computed based on this photo- 
electric-conversion signal and the positional information of the wafer stage WST which is the output of 
the wafer interferometer 3 1 at that time. ^ . ^ . j 

[02341 The stability of the current beam position of laser, the stability of an interferometer, and the 
stability of the gain of an SPD - electrical-and-electric-equipment system determine the stability of such 
the base line of a stage scan type laser scanning type alignment sensor. , ■ ^ * 

[0235] Here, measurement of the base line of this alignment microscope ALG 2 is explained. As a 
premise. Reticle R shall be carried on a reticle stage RST. , >r ^ ^„ 

[0236] First, in a main control unit 20, the projection image of the reticle alignment mark PM formed on 
Reticle R is measured like the above-mentioned using the space image instrumentation 59 and it asks 
for the projection location of a reticle pattem image. That is, reticle alignment is performed. 
r02371 Next in a main control unit 20, as it moves on the wafer stage WST and is shown in d rawing 36 
the slit 22 of the space image measuring instrument 59 is scanned to a laser bemn spot, the measur«nent 
value of the wafer interferometer 31 is incorporated to the signal on the strength and coincidence ot the 
transmitted light of a laser beam, a laser beam profile is obtained, and it asks for tiie location of the beam 
spot based on it. This asks for the relative position of base lines of the projection location of the pattern 
image of Reticle R, and the laser spot exposure location of the alignment optical system ALG 2, i.e., the 
amount ofthe alignment microscope ALG 2. ^ ■ a u 

[02381 According to the aligner 1 1 0 concerning the operation gestalt of **** 2 explained above, 
effectiveness equivalent to the aligner 100 ofthe 1st operation gestalt mentioned above can be acquired. 
Moreover although the amount of base lines ofthe alignment microscope ALG 2 is detected by the 
main confrol unit 20 also in this case using the space image instrumentation 59, since the projection 
location of a reticle pattem image and the location ofthe alignment microscope ALG 2 are directly 
measurable in detection of this amount of base lines with the space image msfrumentataon 59, 
measurement ofthe amount of base lines with a high precision is possible. <BR> [0239] In addition 
arrangement ofthe slit on the slit plate 90 ofthe space image measuring mstrum«it 59 may add what 
[ not only ] was mentioned above but slits [ which are extended, respectively m the direction of tiie slits 
22a and 22b mentioned above which, in addition, accomplishes 45 degrees and 135 degrees to the X- 
axis to construct as shown in drawing 37 (A) / 22c and 22d ] **** Of course, slit width 2D of a 
direction perpendicular to a these slits [ 22c and 22d ] longitudinal direction is set to the same dimension 
bv the same criteria as Slits 22a and 22b. 

[0240] In this case, space image PM' shown, for example in drawing 37 (A) scanning the space image 
instrumentation 59 (wafer stage WST) in the direction of arrow-head C as shown m drawing 37 (A) By 
receiving and scanning slit 22d, the signal on the strength [ optical ] corresponding to that space image is 
detectable with a sufficient precision. Moreover, space image PM' shown, for example in drawing 37 
(B), scamiing the space image instrumentation 59 (wafer stage WST) in the direction of arrow-head D as 
shown in draffiing^ (B) By receiving and scanning slit 22c, the signal on the strength [ optical ] 
corresponding to the space image is detectable with a sufficient precision. 

[0241] In addition, since the slit of these each class detaches to some extent and is arranged when 
preparing 2 sets of above-mentioned slits (22a, 22b), and (22c, 22d) on the slit plate 90, the 
configuration which can choose the slit of each class according to an optical or electnc optional feature 
may be adopted as the light-receiving optical system inside wafer stage WST, and a configuration of a 
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photosensor. With a shutter, an optical path may combine switchable light-receiving optical system and 
a single optoelectric transducer, and, specifically, light-receiving optical system and an optoelectric 
transducer may be prepared to the slit of each class, respectively. 
[0242] Next, image recovery is explained. 

[0243] It becomes clear in [ the equalization by the slit scan ] spatial firequency what kind of spectrum it 
is with the Fourier transform of p (x) from (1) and (2) types which were mentioned above. Generally this 
is called instrumental function P (u). An instrumental function is shown by (13) types mentioned above. 
[0244] (13) Filter P_inv (u) of the reverse property of the frequency characteristics of a formula is 
shown by the following (14) types, and image recovery will be performed, if an inverse Fourier 
transform is performed after taking advantaging of the Fourier spectrum of on the strength signal [ of a 
space image ] m (x) which has this observed. 
P_inv(u)=l/P(u)~(14) 

Since the upper limits of the optial transfer fVinction (OTF) of incoherent image formation are 

2N.A./lambda, it is necessary to fill the following (15) types for perfect image recovery. 

[0245] 

[Equation 8] 

D<— i- "(15) 
ANA. 



[0246] If the technique of the above image recovery is used, the image profile of a very thin isolated line 
is also recoverable. The isolated line containing various frequency components, measuring the space 
image of an isolated line in two or more focuses, and measuring the wave aberration of a lens using 
these is also considered. . 
[0247] Moreover, measuring the wave aberration of the discrete firequency component of a lens is also 
considered by carrying out image recovery of the last shipment mark which is a repeat pattern. 
[0248] It is desirable to use for space image measurement for measurement of such wave aberration the 
space image measuring instrument 59 which can measure the space image about four directions shown 

in drawing 37 (A). , . j , u 

[0249] In addition, although each above-mentioned operation gestalt explained the case where this 
invention was applied to the projection aligner of step - and - scanning method, while impnnting the 
pattern of a mask to a substrate in the condition of having stood still not only this but the mask, and the 
substrate, this invention is applicable also to the aligner of the step-and-repeat mold which cames out 
step migration of the substrate one by one. u u- 

[0250] Moreover, although each above-mentioned operation gestalt explained the case where this 
invention was applied to the aligner for semi-conductor manufacture, this invention is widely applicable 
to the aligner for the liquid crystal which imprints a liquid crystal display component pattern on the glass 
plate of not only this but a square shape, the aligner for manufacturing a thin film magnetic head, etc. 
[0251] Moreover, although each above-mentioned operation gestalt explained the case where KrF 
excimer laser light (248nm), ArF excimer laser light (193nm), etc. were used as illumination light for 
exposure, the higher harmonic of not only this but a g line (436nm), i line (365nm), F2 laser beam 
(157nm), copper steamy laser, and an YAG laser etc. can be used as illumination light for exposure. 
[0252] Moreover, although each above-mentioned operation gestalt explained the case where a 
contraction system was used as projection optics, actual size or an expansion system may be used not 
only as this but as projection optics. 

[0253] Moreover, when using a linear motor (refer to the official report of U.S. Pat. No. 5,623,853 or 
U S Pat No. 5,528, 11 8) for a wafer stage or a reticle stage, whichever of the magnetic levitation mold 
using the air surfacing mold and the Lorentz force, or the reactance force which air ** ARINGU was 
used may be used. ... 
[0254] Moreover, TAIBU which moves along with a guide is sufficient as a stage, and the guide loess 
type which does not prepare a guide is sufficient as it. „ ■ j v 

[0255] The reaction force generated by migration of a wafer stage may be mechanically missed to the 
floor (earth) using a fi-ame member as indicated by JP,8- 166475, A (United States patent 5th, 528, 118 

[0256] The reaction force generated by migration of a reticle stage may be mechanically missed to the 
floor (earth) using a firame member as indicated by JP,8-330224,A (United States patent application 
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serial number No. 416558). 

[0257] While including the illumination-light study system and projection optics which consist of two or 
more lenses in the body of an aligner and carrying out optical adjustment, the reticle stage and wafer 
stage which consist of many machine parts can be attached in the body of an aligner, wiring and piping 
can be connected, and the aligner of this operation gestalt can be manufactured by carrying out 
comprehensive adjustments (electric adjustment, check of operation, etc.) further. In addition, as for 
manufacture of an aligner, it is desirable to carry out in the clean room where temperature, an air 
cleanliness class, etc. were managed. 

[0258] A semiconductor device is manufactured through the step which performs the function and 
engine-performance design of a device, the step which manufactures the reticle based on this design 
step, the step which manufactures a wafer from a silicon ingredient, the step which imprints the pattern 
of a reticle to a wafer with the aligner of the operation gestalt mentioned above, a device assembly step 
(a dicing process, a bonding process, and a package process are included), an inspection step, etc. 

[0259] , , 

[Effect of the Invention] As explained above, according to the space image measurement approach ana 
space image metering device concerning this invention, it is effective in a space image being measurable 
in sufficient precision. 

[0260] Moreover, according to the image formation property measurement approach concernmg this 
invention, there is outstanding effectiveness which is not in the former that the image formation property 
of projection optics is measurable with a sufficient precision. 

[0261] Moreover, according to the aligner concerning this invention, it is effective in the ability to aim at 
improvement in exposure precision. 
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* NOTICES * 



JPO and NCZPI are not responsible for €Uiy 
daxnages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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R^©«(P<. tuiB'^x h7:4— *;^fiEa<o^tHi*^ BuiBjg 

^<73l^ttJlS*{cScJv^TSEW-Wma^f7 ^ ii i: <fc t> S 
[0 0 3 1] ±|EIS*]S9ti:fB«c'0?IWtc^?.^#it#14 
IBSlK7^^?^'^7tttlci3lt SlulB'^;^ h 7 *-*X{iiB 

m-rSHulB'^X b 7 :t-;*3X{aa©Mti:a-cJv^TMIB 

mti^^'^mMx&^o u-^x. mmm%(09tmtct3if 

30 5'^xh7*-*7.f4S©l^W^> mrji^^yi-(0Wk 
^A^-yiciifil't^^:^ h7:i— *X{itB®^lcS-:3 

[0 0 3 23 ±mm^mictm(Dnmic^^^mn^ 

IB/^^f-y^i^ BiilB^2:^[6](Di|i*^BuiB7.U'y htOMIB 
^27?[pl<Oig<kO;^t(/^^Jg^^^'->'^^!^*< i:t> 1 

v>TiioMUf>/\ B^iafil^^«^ttai:LT^ HiiHa^t)jg 
tic j; o# e.n/s:«»<o)t«^si«^^ n^ncoffiffl^ 
mL. ls^i^ffl)^^i^£o^m^c»■:5v^TH5tB§7t«^mfe 

[0 0 3 3] ccx\ T^T.y-i/Bytii. -r^-i/ 

7 -f H «0)il)a-e**ltt^(c iS: s t *> o fc 
50 J:ti^^^M)b^ifeS«^i:lsi«lt::> A^f->#*W± 
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[0 0 3 4] :^^mKi:m. feffl«^HiO#tet*0, 
^fgs^<0'>!9: < t iy-y3^m&^ < l+iJ-r § t A^T' t 

[0 0 3 51 ±IBIfSJl8(Cl5mcO^0^(-^^«Si!lt14 

^ ^ _ y X' & t . HijiasF^^«^J^fi!<; bAKt^ 

Krt(J[)SJS:SfitB{cSI^Sn5tf(fB/^^'-::^®^K 

mt.c-D\^^xmiomLn^\ HuiBB^^^^sasiitT, buIb 2( 

3i^co X ^ 'T 7s t (D^s.mcm-is^^^xmME^ytn^ 
mmcm^t^^mmmm^^ttx^nwmL. mm 
mm^icm':ii'xmm^B9tm<Dy'^ x h-i/a 

So 

[0 0 3 6] ^^nmicxtni. xv-rx^^ffli/^fc^-y 

[0 0 3 7] ±IBIi*«8tClBic«0^i!l^tttt!SiJ:^ffi(- 
ti. ^(*i:bT«fBi^t\ HtilB^ 1 :^rfil^^:JS«B1t«:W•r 
mc. i<D^^'$'-y<D±wmvitmBVi(D'^Bf^^^-y 

^a-trXtc*3i>T, yi/y^t/^^C^tcmi^iim 

fy,fy,:i,rr—;7J'^^-y^m^'riitttmm<D^?smm 

[0 0 3 8] uOfll^tcM^T, W««l 5tc|B«®^ 
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t^. mi^Bm%<^'<>^~'yy^-f^^^^^^^^ 

[003 9] ±iBii*3S 8 ^cim(r>^m\c%^fi^m^ 
m^<^iimtLx. mBmmwiimtmmo:^^^ 

7.U^}Vt<o^M.icm':5\^^xm^^'y^y^^'^-y^^ 

mmmmmb. mmm^^^m'^^^xmmmm 

[0 0 4 0] nviRMtt, uyX(om^<J^n^'^'^^tli 

mrj:?,!iticx^uyX(Dmx'hKi. mmytmco± 
ij^mtimmxii. ^^y7yY7.^-7.f^^-y<^ 

[0 0 4 1] ±fBW*«8{cfB®«flB^lc^5^i!l#14 
stiWSf-fc'v^T> af«^i 7tclB«o5gW©^I^<^ «y 

|B/^^f-yii> HulBm 2 7^[^lcm-r57^l^t-)^ffl14^ 
,^^_yflr)e>yf-JcMJ£"r?>^ia*jafi^^:^i^> h5 
i,^THulB©]^^^?^<03-riRM*««65 C t i:T 5 c 

oT. 3t«Sgie^©^9l'>'^^^r-VCDk!<y9^tcWt5 
t-?.mi»*)SSI&fi!t5^i:> ^^VT^FX-^-X/^^ 
- y (D^i*oi|@lcMlS-r 5^2 (DffifflM* 

[0 0 4 2] ±IBI««a8tCfa«cD^0^(C'^S^«f1t1i 

50 iB/^^'-:^{i^ Bi}IB^2:^i^tcm-rs:^i^ti^Rf^F^PS 
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cOtiA^^ffli/^^ -O/ - ^^^^ H :3 viRHWlKS 

[0 0 4 3] 1 dicumoymmt. i^B^^%ic 

mmmmxs>'3x. mi^^i>-y(o^mm^mm 

^^^^^iftbxmm±i^Bm^rz>sb. Sut2/^^-> 21 

^fiS^-rSBSWSH (1 0) i: : mBi^yt^^o)^^ 

SA^BtiiBS^7^^?s<^rf3PSjN. A. x^^Ltz a/ 

N. A. ) \:X~fXh^. i:t lo<OXU>y b^W 
•rs;^<j 'V h« (9 0) t ; ttifBxu -v h«^)ijiLfc 

Wmi- (2 4) i: ; HulBBaw^Btcj;0t5IB/^^'->*^ 

T% HfisB#S3fi«l©BfilB2i>&c¥ffil^T'Hul3;^U'y h« 
^HufB^2 7alPitc^4-r5i:i:tfc. S9fB)tS^^m? 
*>6(D)^«^j^{8%t-S-:5<'^TBijlB^Fig^ti:m-r5)t 

^js^^p^ftffl-r^saasB (20) t; ^m^^o 
[0 0 4 4] cnicxtxii. mm^s.ic^^xm^<D^^ 

ffLxim±icmi&in^c thx. ^mmm^c^Ki. 
mi^^tifc^mcnLxm^t^miftmicmrj: 2 

^2:^|fe){c^S$n^ti:t{c, )t«^^^?*^^'^7t 
W^^ft^ (^StficT.'; -y h^]ijiLfcBgR^)t?r)ie« 

nso ^fc. c©^, 7.y«y hffi{cj^fiK?nf=xu>y 

h<?D^S7?l^<73t§*^ (A/N. A. ) WTT-feS© 

mmrmt^ctti^x^^. 
[0 0 4 5] mimzoi^Bmnma.. -^^^ (r) ' 
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icm^tiTzmw^^-y^mmik (pl) 

TS-E (w) ic%mtmiftwMx^-^x. mtmm 

UWt^m&T.T—'J (WS T) i: ; bmIBXU >y htS 
(9 0) A<niifB»1SXr-i^i:--tt:T'SJiftnI^t^:^fiK^ 

[0 0 4 6] cnicxmi. XU y 
Ifflffl^^^-^^je^t, SfiX-r-v'i:-f*f XU -y 

[0 0 4 7] CO^^fciSV^T, ii«)S2 1 (CfB^O^ 

B^cD^P<. HtjlB^RgfSltiffJSH^fflv^r, 

ltlffl$n/'c:MfB)t?ilS^fli£Ox-^ IJ:»'^''^TMSB*S]^ 

)^^?^io$s«^i4^5R46?.Mpgfi (2 0) ^mcm^ 
^mtfi*). !i(D^iib^nrcmmmmcis.\:^xmytmti^ 

[0 0 4 8] liBM^z 0lcmW.(O^micm^M^^ 

ii{c*3t^T, mMmzzictm(Dmn<D^<. tutBStg 

7sr—i^±<D-7-i/(Di\Lm^^tiit^'^-'>^lii^ (A 
L G 1 XfiA L G 2) f. HulB^F^i!l«me^fflV> 

MIBS[K)t¥m»i:<fc5Hti^VXi?<D/^^r-i^©jS]^ 
{fiB i: milBv- ^^Wl^ <7)fflWfuBM^^1^tB't ^ *i 

m^m^Micm^^cttt^ctti^x^^o t^f}^^^ 

■r ^ -ft BuiB/ ^ ^ - yco^r^iiOig^iiB ^- i^ai 

-oaoitsijfc^fct). -Tx^/^^-yaD^RfeB^. 
^K^ttS!JSB{c J; D m^mam-r ^ctis^xt^(D 
X. mm-^—9^tut^)mnmt^m^^x-^:^^f^ 
^-y(Dt^m&.m^fsmmcm\t^ii'^i^it<x. « 

S(DAl/^^-X^-l'y«©ltffll]AMH6-efeSo S^oT, 
il(^'^-Xv'1'>■:^fflv^T. S7t^^fcStR<0fi[B^ 
«i)P-r5i:i;tcJ;0, ■rx^'i:S«i:(D«fe^i»je© 

[0 0 4 9] 

[^w©*fifsoj^«i] im 1 ©^SiiJB8i> J':iT. 

(Dm 1 coSliiJ^SI^EI 1 «:V^LEI3 iKm^^^'^xtmt 
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So 



[00 50101 icit. 1 (DmmfBmK%^nft^M 
1 oo<7DffitBSW%#l)^c*VT^^nTv^?>„ c(D^yt^m\ 

[00 5 1] com^mm looa. m.Rmm^^ 
[0 0 5 2] MieBSB^m 1 oa, 7tM> SSiei^-fl:)^^ 

[0 0 5 3] mmm^tbxii. ccxa. -mtL 

K r FX:^rJ^Vl/— «f)t (»S2 4 8 nm) XtiA 
r FX+v^vP— y-'?^ (ffifil 9 3 nm) %ttl:fj-r5X 20 

I/-- f P)n5 tSo 

[0 0 5 4] HuHBU^^7l':/7-ry H«, SlPJ^t^A^H 

©ol»)Uf-^';i':/^^> F 1 2 (0 1 •(:-ti07r^#BS> 0 

(cr7*-;^jXbfcffitcE@$n. U'^^;l/R±oM:^ 
fgX U 7 bfcWBgg^ilM I A R ^^S^f 55e)gF^P*^}K 

)S$nTv>?.o piiji/f-^;i/:77'i'>hM 2a, 

[0 0 5 5] SaW?^ 1 Ot iSi:, ^MT'^g^LfcSJt 
0/Tn© i/ + ^ -=&fflJi b fctt, Bgjgi^^fkJt^l^tc J; 

)t^?s*^e.*ftB*n»mi Lti. u^-u:/Xis* 40 

y+i-i/yX?^%)l>itriiiK/^^'->^*''}SA^ti/c:b^ 
/b"«ms*iC)S:^}gxu 7 ht^©89B^^^) I A R^i^- 

[0 0 5 6] ^*5> Pl«]U^^;l'>^^'l'yFl 2li, * 
g^Ttf^W^ife^Stf *^TiSf{c±Si]^SS 2 0 J; o 

'mn. wmn^i AR^Mfcsiju-rsciitcioT, 
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fc, *'il<J!5««iT'«. liriiU^^';l'77^:^Fl 2A% 

[0 0 5 7] BuiaU^^'^UXr— >"R S T±t«, 
^nrv^So U^^';l'Xr-v'RSTli, dCTHi, U 
mjfrsiS^Jt^l^PLO^^tllAXtcSilftXY 

¥ffirt-e2i^7cWtc (xfiii7?[oiRt>'cn{cii^-r5Y«i 

77lS]&a'XY¥ffi(i:it^'^^Zlfi|51t)(OlHllK;/ai^ (0z 

[0 0 5 8] uf-^;l/7.r-i^R ST±{i:{i, 

j!)>P,<DU'-+fe-i.^K*f-r5^«I^l 5;?)m«nT 
*5f), l.^^;V;^r-v^R STOXYffirt<Diuat±b^ 
^/;l/=F^ltl 3(cj;cT, i!?iJ;^tf 0. 5~lnmeiE® 

xx->^RST±tc«^$S^^«^4:^i^ (Ytt;^ 

ip]) tcii3g-r5swffi^w-rs^»)iii:#^s:^i^ w 

n> l/^i';U=FSfitl 3«Yfft73(p]t^:itt, XiiT^l^lti: 

«2 llll^^te)nTv^?>A\ 0 1 X'ii.cri^iffi,mmc^ 

[0 0 5 9] b^^r;l/T}#ti-l S^^P.Wlx^^/l/Xr- 
i/'RSTOiuSlt^li, 7-^X7^-i^3> (XliV'i' 

±$|J®SB2 O-etiL'^^'/l/Xr— >*R S KOttHIS^ 

[0060] WieS^^t^^ P L ^'^I'Xt-v? 
RST(D0Hi:*3ltST?atBEB?ns ^(D^^ttAX© 

^ n^citsitJ?® u >xx u / > h ^ ^ 5 aijf T^;^^ 

^ffl$nT(/>5o e:©S^)t¥?^P LOS^fg^li, ^ 

cxHi. -mtbx i/stii-ox^-'^o c(Drctb. m 

■y F I^HgB^^J^ I A R A^B^B^? nSt, ilOb^^;l/R 

ecoxU-y F^^iSBBM*^! ARrt<^)l^^^^l'R<^lHlSS''^ 

!!3^^fli$nfc«^;x/NW±cDBffHBBgWMJ^ I ARtCtttS* 

[006 1] t(iie'i7XM;^T-'>*W S Hi. XT— >"'^ 
-X 1 6±iBtcjGoT<?iJ^{faMI?±S2:^7t'Jx77 
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z, ex, ey(D3'^mmK^^mW)mmm 

[0 0 6 2] 'i/x/NXr-i/WS T±ti:ii> 't7X/N*;;l/ 
%0 6 3] 'j7X/NXr-S^WST{C'f^^T, U 

[0 0 6 4] Huia-i^X/NXT-v^WS T±{Cli. "i^X/N 

p,(Di^-ftr-A^sitts^iiii2 7 7b^@^$n. ^ 

gptcEB^nrc^XM^i^ttS nciO, <i7XMXr- 
[0 0 6 5] CUT. mmcii.. t7XM7>r-v''WST 

)$it3 1 iiYtti^isitt 1 tt, x«i:^isifctt2ii!iiaite.n 

TiDifiBliffi (XliiiSIt^) t±i»S«2 0Jj:5^e 

n. ±si)«ssg2o-et±WfBfitBm (xtiii«i«ifi) 

/^;^^_,;;w s T©X Y tBrtcDfiB^»p-r 5o 
[0 0 6 6] ^X/^7>X-i^WST±{C^i, 

m^^^-^^^XW&f^o C©^ffl«[!H-iiJ^5 9tt. 0 
2^C^^^nSJ;9^i:> ^x/^Xr-v'"WS TcD-«gi5± 4 

S7t?!J7X8 2, C£DS7t:^"^X8 2CD±®lcmfiK^ 

n> ^cD-gi5icx>; -y h 2 2*w$n/cm^^«fe 

5k*t^8 3. X';>yh2 2T:^'>X/NXT-i^WST 
rtSPKBSB^ nfct'VXB 4, 8 6A^P.^S'Jl/-7t^ 
3^ i^Ub-^^^ (8 4, 8 6) (Cj;oTm«)tKfi 

tfS»T»)ttlf57-8 8 (CCTn lx>'X8 4, 8 6, 
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&t?57-8 8lCj;oTS)t)t^?S*W«n5) , & 

[0 0 6 7] milBS7t;«J^X8 20}gWi;bTii, cc 
T'«, K r FX+S/-7b— 9*)^. SSlHiA r Fx+v' 

E^HA^fflv^enSo Sfc, )16-fey9-2 4i:trti, ^ 

*Hi8 3tcj;oT, XU >y h«*W^?nTV^§o 
0|liWfC*3V>Tt±, S)^:^vX8 2 i;S*fM8 3 i:*^?. 
)t5X'J>yh«^. rx'J>yh«9 0J i:i>?^t« 
i:-r S. Src, HdaiOiin < . X U >y h 2 2 tiSWM 8 3 

;K9 0 CXU 'V b 2 2 ^^JgfiK^nri/^S fcOi: LTUiW 
[0 0 6 8] ^^asJKSlTHi, m3i•r5^ lxf-i?;l/Rlc 

UT t /iBaq^Tt I L <fc o T^F^#I+»JS 5 9 ^^fiSt-f 
SXU-y hiK9 0A<fSH^$n5i:, ^(DXU ybffi9 0 
±(DXU -y h 2 2;&Sjab/-cHgB^)t I L*^±l2S)t)t^ 
3^ (8 4, 8 6, 8 8) ^^UT)t•tr>'^^■2 4T'S)l£^ 

n, K)t-iry-9-2 4*^e)^«S)t«n:*si;rc)i£m^gHi 
^ OtMM P*^±«iJ?ISB2 0fcW:^;$n5«}:^»J: 

[0 0 6 9] =5:*3, )^-feV9-2 4ti, )2.-r tfe'^X/NX 

I {C^x^nS^ 5 9* (Djiq < , )t-t 2 4 ^ 
-tzXMX-f-v'WSTcO^gPtcSHBLTt.SV^ 03t<: 
43V>T, '^XMXr-v'WSTtCtt, ^■<D±ffiA^'>x/N 
WOgffi i; (St? l^-ffi i: 5 nfc 2 OCflgP 5 8 a , 5 8 

liKLTfii^^nfcxu -y \m o*wte>n, mxu 

•y hffigOTT^O-^x/NXr-'^'WSKDrtSPfcti, b 
>'X8 4, 8 6&t>'5^-8 8*^02i:|pHi©{i[BM« 
•C'EBSnTV^-Sc CcDJi'^, 'i7X/NXr->'WST© 

0 ^'h7?^K85ti, ^<DA*tffl85aA\ X'J>yh22 
A^}BfiSt$n/cS7tffitc«tS^j:ffiBlcBHB5nTl/>5. « 
fc, i:05l'hj!f^'F8 5©*fHl«8 5bt4, OSPSB 
b©±ffit-@^^nrc3M7tU'VX8 7 0{J{?STICBE@ 

[0 0 7 0] jM)ti/yX8 7 0±:^n:i±, ^)M)tu>X 

8 7{cl:b^r;^ScDS7teU>'X8 9AW^nT>/^?.a 
C0S)^U>X8 9CD±^cD#tai4!S8 5 b i:«S^tiiB 

ict±, 7t-by9-2 4*^SHB$nTi/^So cns^^bv 

X8 9Rt>*)t-lr>'+i-2 4», ±IBO{itBMi^%«oT';r 
50 -X 9 2 rttlRlB^^n, m'r-T. 9 2 
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[ 0 0 7 1 ] c CD0 3 (ommmm s 9 • rii. 
-r 5 . ^ R jfM$ nrcnmm^^ ^ - > <^s»^ 

p L ^iiii b T t /c,TO)i£ I Lft J; o r'^\m 

L/T^l'h:«f^'K8 5CDAWtS8 5 atcXWfSo ^'f 
h;^J-(' F 8 5 ■ei3*Wc)^ti> ^-fD&ttUffiS 5 bA^^tt 10 

*^e,^^DS)tett^^:^5u/-^)^«^^f!!^i^ pa< 
[0 0 7 2] C«7)^-&. itiiffl/^^-^-^w^sK^toitai] 
ti, jX^tixyXsym^fLT^^tuvXsg&tfJt-bv 
»J§g5 9' -eti. m^tDSBfflrt-^r^ift-Ti.jM^U^'XS 

7 ^/>Lfc)te*^-r'^TS)^^>X8 9 {cxi*-r5i a 

ic. =&i/yXo:*;t^*^ia^^^'^''^^o 

[0 0 7 3] clOcfc^tC, ^F^i!l+SiJf§5 9* THi. X 
U-yhiK90. UyX8 4, 8 6> ^v-88, "y^Y 

§^UyX8 9&t?3t-fe>'-9-2 4tcJ:o 

gj^gptii. WLwm\c^m.-^nx^'^o =tLx. 
mnmtx<D^. mmt^^^tit. m^uyx 

8 7 i:^3t^>x8 9 t^-ffhxyt^mcmuiEti^. 

[0 0 7 4] 1-^*5^. SF^i!a+iHi]^5 9' THi. ft-t 
y9-2 4*<'^7X/^Xr->^WS TW^gPom^iiiHt^^ 
ttP.nTV>;5fci6, )t-by9-2 4<D^^^eHLT^- 
1fT?$f|• 3 1 <Dmmmmicmm^4ArcK)t^!i t 

[0 0 7 5] ^*3, ^mmmmsQ axasd' ) ^ 

«fi!c-r5XU -y hS9 0±CDXU >y h 2 2<Dm^^. 

m^mimmm5 9 ix^tsQ' ) ^m^^^xnt) 

[0 0 7 6] 0 ncMO> SK)^^?^P L(D«iMlC(±. 
^«lfflf5'7-^«^mi^ilLr<D;i-77^^'>X-77-r £ 



, 1#M200 2- 1 4 005 

20 

^ y bSiMA L G 1 A^^itenrv^Sc ^^fiSJBHT- 

Tii^cDF I A ( Filed Image Alignment) %<J^T^^:^ 

)jf.3 2. />-7^7-3 4. ^lWtlb>X3 6. ®2 
*^ttbyX3 8, (CCD) 4 0W^^A.T1S 

0 ?)o C©77'l'^yhSH«»SiALG IT'ti, ^WCm^ 
nScfc^lc, )tjg3 2*^5>cDB80mtCct;O. 
-3 4, »mi%Il/>X3 6«r/rbT'>x/NW±cD7^ 
-T^yh-^-^'Mw^B^WU. ^07^^'^>'h-7-^ 
gi5^^*^P)«Sm=&^lW1«3W^X3 6, 
3 4, ^25^^«IL/VX3 8%^LTji8!^?4 OT'S^t 
•rSo cnicJ;t)> }i#^?<^§)tffltc77^;<>hv 

^Mw(DRI^«ltcW)S-r57^3S«<g^*^»i!lS?4 0*^ 
20 P)iSilffllSB 2 0 {C^IS^n^o ±»1^SB2 0 TH±, 
ilcD)t3Sja«^lC»-:5t> 7^^'^VhSISt^ALGO 

^ttatf 'L,>%»*^ s 7 7 h V— M w <Di4g^ 

)$i+3 1 (Dyi;'3T-fe5'>x/NXr-v'WS TcOfuBit^ 

i;{cS-:5v^T> "^x/sT^ti-s i(0)ttt-e*g^2nsx 

r- i^'^lg?^ *3 5 7 5 p<> h -7- ^' M w Ol^ 
[0 0 7 7] MtC, *lli6SJg«8(DS)tgg 1 0 OT'ti, 

gincs^$nsj;-5{c, ±sir^sa2 o(cj;oT*y^ 

l6]^tT^I&(Dt^>'4-^-;^t:r^:^iXU -y 
fc:i6©lg«i)tS^, )tllll A X tcj^ bTl^*73l6] J: 0 

-r^Hii^^t^meoai:, ^n?><D^ii)^«<7)':7x/NW 
■9-) *W?.nTV^?.o iMfflSHZOTii. ^s^)ie^ 

iSPL{c7*-Ax^ii*^ai;fcJi^i-t±> ^yt%^% 

6 0 brt©0^L*t^¥tT¥*SOSmScD)t«i{cJ^-r 
40 *XWcrSCT».^{4H<^ai?^ (6 0 a, 6 0b)lC 

oa, 6 0 b) hmL(r>^i^mm^^m^ at-ti 

X-fey^t) C0|¥li*«fi!tt±, fiBJ^«!|^F»a¥6-2 8 3 4 

0 z^'j^mm^m^^tnx\^^^. 
[0 0 7 8] t£Msm.m.2. ox\t. mmy^'^n^n 

tl7.m^) . {?ij^ifs*-7"«^tcs-ii^^t#,jSfn*^ 

^i: 35:5 <fc ^ {ct/x/NXr-i^'W S T ©Z ffi@Rt;tr«y 
50 ^y'J^fi (0 xHtel) Rt/p-u^^S (9 yiae 
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[0 0 7 9] i^{c, :^nmBm<Dmytmm \ o ot-tJit 

[0 0 8 0] ^t. ^gl^cDUf-^;H83MI^{i:j;t)U^ 

>*RSTlci!5a^»$n?.o '-X^'X\ iMS 
SE2 0{CJ;0^ >i7XMXr-i^WST&t;^^^;WX 
r-i;''RSTC0{itB*^ffiW^n> Uf-^';l/R±{-ffM$ 10 

[0 0 8 1] i^tc. ±$il»SH2 0fcJ;0> ^F^^l+W 
f§5 gA^T^-Tp^y bSBt«iiA LG 1 (OllT'N&S-rS 
j;-5tc, >i;xM7.r-v'WST:<)^i^ij$n> T^-Yp^^ 

hTt^i^A L G 1 K^-Dx^mmwmms 9<ommmm 

nTt.^§1i?A^5^$t^TV^5o ±Si|®lSS2 OTti, C 
(D77-r?<ybPfSilALG 10^tiJ{s^Rt>*^<7Di:t 

-y«!OlS]^ffiSi:79i'>{:^h)t^?^ALG 1 iioffl 

-r^b-^T^-Tpfyh^m^ALG l<0^-7. 

[0 0 8 2] *>)!)^?.'^-X7'<yH-SiJ*Wt-5i;, ± 
%m^m. 2 0 J; . {?iJ^ti1tF»aHS 61-44429^ 30 
^miflcf^fflf-Fjfi^N^nSE G A (XVMyxh • 

tDtl, 't7XMW±©^T<0'>3 -v hMlS^tOfuHA^**?) 
'S:fc% iI(D'>X/N7v^'^yhtul^tT. '^X/^ 

[0 0 8 3] i^V>T% ±$i|SiS@2 OT-a, ±T'**fc 
a-y h^^O^S^Tlfi^tT^o 

[0 0 8 4] -r^t)-^. ^mmmzo-cHi. 

s T fi^XMXr-v/'WS Ti:OYW?]I^jM 

^n^n© @ mmmmmmt s . S)t e l tc j: ^ 
r^f•^;^R<o/^^-:^^«*^S8W^n^I&^6^ 5 
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>ji^^^^y ¥^mf&t^^9]-:f'7-(yV<D^:ru- K 
cDi^i)j*^U'f-^'/i'XT-v'R s T(D^W]tmmMmtn 

[0 0 8 5] ±Si|?8lS@2 OT'ti. miC±m(DMMUTft 
fR|fCl^^^;l/Xx-i>"R S T<DY«7?|p]<D^i)5iSV r 

J;9fc^^^'^l':^r~>'R S TSCf-fx/NXr-i/WS 
[0 0 8 6] ^LT. l/^i'li'R(D^^^-yW^<om^ 

f-^;l/RCD[Hll^/^^~;^*^jS^)t^?^P L%M.T^ 1 

20 [ 0 0 8 7 ] C ^ LXm 1 3 >y h^HKO^^S^*''^ 
Jt^t. >i7XM7.r-v'WS T^^2>'3'y h^J^W 
^4Bgii&{4B'Ni^i!i*-^5>'3 -y h^cOX-r -y i^y^'ll) 

ft^tf^c ^UT. ^cD^2'>3>y hM^O^SSTt^ 
±xiii:l^1itcLT?75o J-m ^3i/3>y h^i^mt 
|B|it<Dl(){1^^tT9o 

[0 0 8 8] CO<fc9{ctT, '>3>y hP^OXr-yt^y 
^Bift i: 5^ 3 -y b o^sa^iftflF i; tm •? il^ n, xr 
'y77y HX+-vy?^ie"r'^XMW±©^T<Di/3 -y h 

30 [ 0 0 8 9 ] C il T% ±iac0^4S)tft'ti:t±. mft^ 

^?nc-wmcm.iw^nrzy:t-ij7,-ty'>)- (eo 

a. 6 0 b) tcJ;oT«i;XMWgffii:lS^)t^?^PL 

(^oiiffl) tfDP^Pi. xY¥ffi (#ffi) icMt^mm 
mrm-in. ^mmrnz oKjf:-Dxy:r.^^v^mmtis. 

H/x/NXr-v'W S T AW^^ nso 
[0 0 9 0] tiia)T\ ±ieo^4S7¥;4'tc. 

[0 0 9 1] ^^nmBmxit. ±m(omm^^(D$rM 

tc. S F^#ltSiJg§ 5 9 X« 5 9 * aXT, -f-^S LT 

(Df^m^^nmmic-Di^'xmmt^o 
[0 0 9 2] 02tcti. ^rmtrmmsd^m^'x. ^ 

^^;I/RtJg^$nf£:H-i»Jffl^^^->®^^»*WJ? 
50 nTV^5«4'<D^^II*^S'>2nTV>5, l/^^;l/Ri:bT 
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24 



Die. \y^^)V7,r~'JRSTi,c]yf-^)ltmUU<Dii 

[0 0 9 3] CCX\ l/f-^'^l/RtCti, 02lt7i>?n5 

'J>y hfi9 OfCli, 06 (A) Kifk-^n^XoK. Ylfi 
5tOi:-rSo ^j:fc> ii^TT'ti, v-Tyrv FX'^-^ 

^mn ri/sj aiSxE-rSo 

[0 0 9 4] ^^^(OttaiJtC^^rct), ±SWSB2 O^C [0 10 0] 

Bl®)U^^7;i/7^'i'vH 1 2*^^07rN<D:/v-i'>' Ca2] 

PMictoTia^T. fm.Lrcft cmm^ti d liisK)^ 
wm^^-$'~ypM(D^mm (.mm pm* *w$n 

5„ C<Dtt. «:7X/NXr-v'WST«> 

5 9<DXU>y bS9 0±(DX'J>y b2 2cD+Xffl (Xti 

ffl0A^06 (A) tS'>$nTV^5o 30 
[0 0 9 5] tLX. ±»»H2 0tJ;0, '>x/nX 

(A) iti{c^R]FT'S^^nSj:9tc+X73ln]tcSglli$n 
St. h2 2A^^F^i!PM' (cWbTXfft:^|S]{C 

^S^nSo C^^S^ti:, XU-y h2 2;g:3i)i-r?>7l£ 



2002-14005 



[0 0 9 7] CiDtf^. '^laiSPM' liX'J>yh2 2tO 

fitcw-rsifesm ■r*^^xfl!l:^(^i)) on (2d) 

mmxmti^^i^itt^o 

[0 0 9 8] u-^x. xv-yh^p (x) . ^rmo)^ 

(x) . ffiil^nS^tSSaH^^m (x) ^ 

t^ts ^m<D^m^^i (x) i:msi)5n55iaft 

(x) (Dmmi>X<D (1) j*:T'g-rci:*^T't5o 
CO (1) ^icis\.'X. (x) , ^Sae^m 

(x) <D*{i[iim<iiS^S/'ct5 03iiSi;-r5o 

[00 99] 

[»1] 



••(1) 



_fl(|jc|SD) 
■|o(W>D) 



••(2) 



B2 0(C'Kia^n?.o ±»gS2 0Ta, ^<D)t«^ 

[0 0 9 6] 06 (B) ±l50^M#tj;iJ0lSlc* 



[0 10 1] trit>*>. msA^ti^^miB^m (x) t± 

XU'yhp (x) i:^K#tD3iijS[^?P i (x) <D=iy4< 

[0 1 0 2] tMoT. lt9lJiSle^0^S*^?>^i^ X<J«yhO 
^g73l^O*@ (JiiT. #tc rx<J>yhfiJ iiiq^-P) 2D 

[0 10 3] %BMti. XU >y HS2 Bg^3t I L 

(;i/N. A. ) tLX. m^o:)iy^a.U-iyay&X} 

mm^mKtmuj^rzo ^-oiss, xu«yhiiS2D= 

n- (A/N. A. ) i:L. *^0^»n^ 1 i:Lfc«^ 

-\-^icmmmx&*) . mcn<o. sx^rm^*) 
mmm&^^ttimm^tirco ccx. nmmx'$>^ 

[0 10 4] ±m<Dmrj:i^^(^-m^7j<^ii. 



40 



248 



248 



193 



193 



0.68 



0.75 



0.65 



0.76 



JLfiS. 



CO 1 0 5] 



364 



331 
297 



257 



.J2L. 



B-AXOS 



291 



264 



238 



206 



182 



[0 10 6] i:H2Sl*^?)tt>*^5c):^tC, mu^. K 
B) tiaaS*^ miBS3 0 0nmJi(T*^5imfil?fe 



50 5c 
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[0 10 7] aSl OOnm^Jt® 

ti, 2. 2 8 6mm. 3. 0 4 8mm> 4. 5 7 2m 
m, 6. 3 5mml?(Di(D*^^*6^T'feSo 
[0 10 8] ±3iO{lD<. XU>y hi|t2Dti. /h^l^lS 

Otct'hSi/^iix <y h 2 2 ^giS■rS^aAM^^ < 
[0 10 9] f|0M*^v'5aU-i^3ySct>*^^(cJ; 

[0 110] c:n*-POlKW*^p)q^?)A^*<k^f^. 

mmxHi. mmn.^^ i o. ^F^tiit»j^5 9 20 

•y h1S9 0Rth"7t-by»t2 4%^ty) . <i7XyNX7— 
W S T &t/i$i)0SB 2 0 ICi o T^K^H-JBiJSg*^1i 

[0 111] ±mLrz^mmmmmm^s.mmm 

'mi. a. ^Xb7:t-:^X&SC)^tii. b. /^^-y 

m<D^mm<Dm. c. z^-r^yhSRm^ALGco 

[0 1 12] :^mmBm(Dmyt^m 1 0 0 tcfcits c . 30 
^-T.y^ymnc-o^.^xii.mcmmLrciDx. j-xt. 

±iea. ^7.h7:t-;?JXffiH©«ltH&t>*b. z'^^'-V 

[0 1 1 3] 07-0 1 2(Cti, ^-ryfeO. 2^m> 
fa— r-CitS 0%©L/SV— ^CO^F^^^HUxEbfc: 40 

aycD^ftti. BgBm''3i!$fi2 4 8 nm> R^ift^f^(0 
N. A. =0. 68, B|H^(Dnl::-U>'X7r^'^o = 
0. 8 5T% XU7HiS2D = 0. S/imT'fcSo CO 
^mi, aiOB<Dlimc3fiV>„ ftfe, 07-01 2 {C 
fcl^T, eitttiXU -y hcOXfuB (/im) %7r:b. WKi 

[0 114] 07li, 'XX h7:t-:^;X{iiHT-©->^a 

u-e/3:^)^S^s^l"o c<Dig7{cfcv'>T. *^T'Tn^ so 
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MmPZitO. 2 ;tmL/SO^S»T? (1) 

1 ( X ) {cfflS b> ;S«ITVT^? nmmP3 A^X 'J >y h 

(1) jS:Om (x) \cm^t^o 
[0 115] 08li07CD3S)SM^P3> -r^^^-^m 

(x) ^y-v x.^^Lrcn<D^mm'i&^iAi^^. 7x.(d 
^&mnP3tti>iC7ikto 08(cfcv^T. mmxTT^-^ 
n^mP4iio -^li^T'Tns 

P 6 14 2 :^>J)iIK3Sfi!c^^, ^S«T'/T^$ nSKJ^ P 7 « 3 

'^m^w^^i^^. tn^nn<to **3. asT-tt. p4 

[0 116] moiii^T.vyt-iiT.iimt^^o. zii 

to j:co09{ct3V^T, ^^-e^^nsKJgP 2tiO. 

2 ^mL/S^D^F^ilT' (1) i^<^i (x) 
^^SIT'^^nsKJe P 3 ft^X U -y h O^S K»H- 
iB) tcJ;oT#e.n5?t^lgm#r- (1) ^(Dm (x) 

[0 1 1 7] .01 O{409®3SiE«^P 3^7-UX^ 
Kfr^to 01 0tC*3V^T, SS^T'^^nSiSJgP 4{iO 

-^m^T'^N^ns&j^p 5 « 1 
zi^^sa-e^^ nsiSJ^ p 6 « 2 i^tHffi^st 

fijt^i'*, ||i^T'/T^$n?)?SmP 7l4 3^^liilSISfi!c5^^. 

^n^etiTnto ^*3, 01 o-e{i, P4~P7a. assy 
^^m^-r^fcib. 1. of£^t^«±^ftT^^nTv^ 

*[0 1 1 8] 01 l(i^Xh7*-:^X{itB!b^F>0. 3 
/i mr 7 *-*X a U-i^ a y^^^^^ 

to nomi Hcfcv^T, mnx^-^n^'imp 2it 

0. 2 ;imL/S(D^F^^T' (1) ^©i (x) tcffl^^ 

mx^-^n^mmp 3*uu <y ho^s (^f^^ 
itaij) ic^-oxm!bn^^^&^^x (o ^om 
(x) Knm^o 

[0 1 1 9] 0 1 2ti0 1 1 (D^Min^P 3^7-'Jx 
tK/T^to 01 2tfc'V^T, «J[i^T'^N5n5S?JeP4ti 

oi>:jsisiSfiic5i-=&> -mmx^s-^n^mmp 5 i 
jaKS{fi!c5^;&> -^^SM■^:•s"^^n5&mP6^4 2^^Jajfi 

^n^nS^s-To **3, 01 2T?(i. P4~P7{i> 

iSS"J^^atc-r§/"ci6. 1. o;rcit!*±tf LT5jN$nT 

[0 12 0] 07i:09i:^it«^■t5i:^^*^SJ:•5^^:^ 
0. 2 fimOT7*-*X{CctoTB^?>*nc#0)g^^A'« 
WnTV^So «^c, 09i:01 it^itmt^t. f7 
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[0 12 11 s/c^ ±m<DX^ic. m^Mm^P3^n 
^1,0 m^ii. 1 '-mmtii^ p 5 i: 0 '^m^j^^ p 

7*-5!jXaS<D^^(D3yh7XMi, 0. 4 3T'fc 
5o ^fc, 01 0{C7i^$n?>'^Xh7:t-:<j7.{SH!b''e) 
0. 2 timTyt-tjT.Uc^-^cO^tyh'yXhlt. 

0. 24T'ifeSo s/i, 01 2^t7^^^n?)'^7.^7=^— 
*x^4gA^?,o. 3Mmr7^-*Xbfc^^'0a;/h 10 
•7Xhti, 0.0 4 TT'fcSo 

[0 12 2] ii©j;9tCx (i^^/o:^) olititb-efe 
cD{i:{M?ijT'fe2>o t^t>-^^ ^7.vyt—^7s&.mit 

;5 7 ^ _ XfiEli;g:^46 5 ii i: J: o T^m nJMT'fe 
5. 

[0 1 2 3] ^cr% *IIS(§)g«T'fi^ ;^?(DJ;^{CbT 
fit^T^^i^P LCD'^Xh7*-AXfeKOltHi^tT9= 2( 
[0 12 4] C(0^y^hy*-:^^&S<D^mit. m 

fim) > -ra-r-f tbS 0%(DL/SV-^A\ itMffl 
[0 12 5] S-r> ^0rN<Ol/^^/^a-^lcJ;f3, 

[0 12 6] iSiJilSK2 OTii. I L*^ 

So i:Ott®-e> ±$iIS9lSe2 0T'l*. B^H^^I L^U 
->/'WS TJ£rXtti:^|SjtC^St*/)^e.^F^«tl+!ffJSS5 9 

gB2 0-e«. xu<y h1S9 0coz«i:^iPio{iiS (t* 
fe^, ^iMXT^-v'wsTcDZ&t) ^^^b^^io 

[0 1 2 7] ^b-c, ±mmmmz ox-ii. mmm^M 

0 'Ammi&i^(^^'^itx& 5 n y h 5 X h ^*46 , 

^-bT. ±SiriiSS2 OT'li, ^■(D3yh7XhA^»:'c 
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m (-T'&t)-^, xU'y HS9 0C3Z$lli:^|S]<D{ftH) ^ 
l^mb. C(D<iZB%13^)t^^PLO'^Xh7*-5^J7. 
{4gi:b-(:}*^-r?)o miKE(^W<. a^h^xMi, 7 

S^T^^mP L(D^Xh7t-AXfiS?:'ffiS 
[0 12 8] rsJs, 2'.Xl^A±<DWMo:m<D^^m.^'i^ 

mmii-mic'i^-^ < ^ ^^^^^ ^^^^ ^ ^ 

L/ s -7-^ li^-Y y^gi: X'^i-Xte*^^ bi^^r a-r 

.{i, (3) i^iSTfes^i-M^*^**^^^ 
nsiii:A^w^byco 

0 [0 12 9] 

P. = A/N. A. X (1-1. 2) - (3) 

)S:fc\ ±ajb'fcnyh^7.h^ffl</^5:'3ffi(=^PS^'^> ^ 
?iJiee^P ( (1) ^"^m (x) ) om5^M*^«;^i:* 

szfitB (7*-*x<sB) ;&i^m-r5^sti:<fc^f 

'^X h7*-5!jXffiB<D^tB*^W^'^-*^o 
[0 1 3 0] $fc, S»)t^^P LcD^ffi}^«;<^^m 
a, i>j«J;9{i:brf79c:i:*^T'^5o 

[0 1 3 1] -r^b-^, z.(r>m^mk<mmc.n\.x 

a. -pj;bT0 1 3tc^2n5J;-5(c:, /^^-y^isii 
JO P A(*iK. Bfi^b/-cltiJffl'^^->PMiilBl-^riIel-' 

1/^^7/1/ R 1 /)^fflv>e)n?>o 

[0 13 2] S-f> ?p|g^oixf-^;l/n— ^^'tcJcO, U 
^^^;l/X-f-i/'RST±{cU'f-^;VR i*^a-F$n 

i>:tc, i«iJ^^B2 0T'li> b^^'^VR lO^^t- 
^ft-Ti.ltWffl^^^J'-yPM^AV iS^Tt^l^PLcD^t 
«i±lclS{S-St-r§<};9t^> U^^^l'Xr— y*R S 

mit^. 'Wc. ±MffliaB2 0THi, mmw^m 
mw^^-y p M. g!5^©^{cB8*f$n?. j; ^ \tm\\y 

40 ^^^WT-^^ y K 1 2 ;feig»j$W bTfiSWM)li*^^-r 
^'>;I/R itcS^WbT. HuSEtiai^tubT, X'J-yhX 

- y p M. <r>'Mmm\mm>%'^-^ p l o'^x ^ y 
li-rso 

[0 13 3] H-iJffl/'?^'-yPM.^fflt/^/c'^^h7* 
xfiBo^UiJb^JIT-r 5 ^ iSiJSiSB 2 0 T'ti, 
Bg^)tl LAWffl/'^^-^PM.gB^W^f^^SSW^n 
50 5*9 Uf-^;!^^^^ > H 1 2 ^iWmm bTSS 
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[0 13 4] mmmz ox-it. ±.mtmm 

[0 13 5] cnK^omibnrc^-<:^\-7t-io7.itL 
li'u c i: <t 0 . m>%m^ p L <f^<m'i&mMm 



10 



[0 13 6] is^Tt^^p LcDiiffi, -r^^-^^ «s*s 

[0 13 7] J.;^±tcJ;t), MiEbfcA. }3^7^^?Spl 

[0 1 3 8] Sfc. m^%m^P LCD^ffllRMcD^W 

[0 13 9] -r^^t., ilco^ffiiRM<^^Wt^l^L.T 
a, gfiJx.tJ> 01 4tC/T^$ni.J:?t::^^^->^'^P A 
rt£0Xfal:'^l6]<^)l^^^'^'*^^^^ YffiT^lPlfi^fi'T^SS^PSTT 
20©B+fflffl''^^->'PM 1> PM2;bW^nfcBt}BJ 

a. tf)^LfcH-iiJffl/^^-yPMi:l^-^j*PI-S«BO 

«5<J^if> itw^^->PMi®)i}« ("^-^ 
e>yf-)<Di. 5~2^sa) ■exffli:^iRitM/u/'£L/ 

[0 14 0] S-f> ^0^«Di^f--?;i'n-^''(cJ;Ov u 
R S T ±{C ^'^l' R 2 A^a - F $ n 
i^i-> ±i^j®gS2 0-eii. pf-^;i/R2±ol+»J 

ffly-^^-y PM 1 ?!)\ g^Jt^l^P L(D31£«1±{CIJ(S- 
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30 

r% i»^B2 0T'ti, ««I L^U^^/^R2tC 
RSfttLT. B5^i:lBH$ttT, x>J>y hT.^^+^T^^f- 
.fcO^P^itttiWgSS 9%fflv^T«-S"lffl^^^'->PM 1 <D 

■mmmssm,'m% p l w-^x h 7 * xes 

[0 14 1] lt»^^'->PMl«:fflV^/-c'^Xh7:l- 

^,0^* I L m\MW^9-y p M 2 gi55^{cBgM^ <fc 

9(cl/^^7;l';^r— >"R S T^- Y73lS)tRiT^Sgif^i] 
^XlMSM'^^-y P M 2 <D^F^i!ltiyRt>W>^^^ 

[0 14 2] i:niccj;t»!i?.nfc#'^xh7*-*x{4 
[0 14 3] i^ffinxMti. %m^<mnm<r> i o-e^ 

}, -7 i^-fiT^i^W^WM&'^W.t 3 o < 2 0 n m 

[0 14 4] <^^^^-ym>'^mM<r)m^> f^^-y 
m<^^mmm\t. c. m^m%<D^^^^^^ 
7.Y-i^sym-&. D. e^7t¥i^o3-7iRM»JS. 

[0 14 5] Itilffl^'^^-^ (atiaW^t*?.-^-^/) 

[0 14 6] 
[*2] 



20 



30 



40 





Box in Box MarH ^ 


Box in Box Maii( « 


Line in Box Ma* » 


Uno in Box Mark ^ 


Box in Box Mark « 
7fcL/SV-^ 


Box in Box Mark « 



[0 14 7] -mu m>%^%'^ \.(r>>mms'r^7.Y 



50 



1 5tc^>$nSJ:^f-. /^^T-yM^EPAWtf^DgPRt; 
4 ft cDSP^i-ti:. 5 ffl<D 1 5 0 /i mft (S^IS^ 1 / 
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:5J;9'3:, Xllli;^lS]lc<*lfSm^tSW, SSLOXU-y 
b2 2at, Yll!i:^|Sj{C#t;5RlT^i|iW, SSLOJ^U 

->-w s T (Dm(D^^^^%m^-t 2 4 mm 

3 cD7t«WgP&l>'S>tai5) fC J; X U y h 2 2 a > 2 2 

b (Di/^-rn^Sia bfc^«: ^ '^'''^ 

mtf2 5 /im-efei.o 

[0 1 4 8] f -f, ?F0S">OL/^i'^l'a-^ti^«fc^' U 

#ffi-r^itiJffl^^^->BM. otf'L^*^ is^)t^5^p 

L*^l+iSi|ffl/^^-i^ B M. ^^ty|+aW^^->' B M, J; 

ilU^^/U^^^yF 1 2^Sg«)$WtTilBflM^^^I 20 

^uf-^;i/R3ttBS«-rSo cnic-fco. 016^C7]^^ 
n5J;9ic. atilffl/^^-^'BM-cD^Fa^BM.' . t 

[0 14 9] cnvm-c. i.m^mox'ii. m \ e 
{c^mAr-jn-^n^^oic. ':7x/NXr-'>'wsT^x 

;^^5f-y PM. (D^BIi!tta'J^tfV\ ^-^ItMK J: Ot# 

p,nfc7t3ijs^^m (x) ^T^^vicmm^o '-xk. sc 

±MffllSB2 0-ei4, »e.nrc7l£3MM8^m (x) Km 
O^ffitbTli, 0lJ^lJ^ yt^&m^m (x) 

iMim^«^o=&**s^^^^^> lijsai'^ia 
mfii'pi- tent m-mm<Dm tr^^ ^m. t<Dm<D 

mmm^Mib. cmm^m-^^'^'cmmf^i'-y 

ctm-^^o 

[0 15 0] i^tc. ^mmmz ox-it. <i7x/^XT- 
msKiiKin^nrc'mmt^m (y) ^^^r'jtciam 

«iJffl/^^'->'PMi<DY{SSyi***So ^LT, i®) 
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W^ii2 oTHi, t#p.nrc8«iffl/^^->PM''^ffi^ 

[0 15 1] ±|B<DW^^/l'R3©{4B-fn©ffiiE*<*l 

^-y&Uz ^^ism\m> ^^-y'&uz^*)-mi^i 

^-fyF 1 z^wmmLxmmm.-^^'&t^o z.<d 
mtm.\u 7.^)v\'7.^^y-Hi^xmm 

[0 15 2] j.:-^^, ±3511^^82 oxii. ±mtmm 

ic, S^BM^^^Mtoo, ltiiffl^^^->'BM3~B 

Ms K'D\^^x^mmm\mx Y&mmm^um 
[0 15 3] cnK^t)mibnrznmm'^'^-y^M2 

~BMsCOffi^,tf (X2. yz) > (x3, ya) , (x.. 
y,) , (xs. ys) tcS-:Ji/^T> RlT^<?)?^W^tT^C 
i:(cj;0. S^Tt^^PLfDfg^&tfT'rXF— >a:^ 

[0 15 4] f ^XF-'>3yil«, 

[0 1 5 5] tJtoT. ±3iEtfc{gmtf7-VXF-i/a 

[0 15 6] fit, #-(7)3 0 /xmft(D/^^-y#BM 

/ (n=K 2> 5) ^XU>y FX^^r^ytT 

fe^©iicDX-yi;ti2<Hmt*^*< ^ ltWffiSA^+5^t# 

n^^<'f^c tti'^^tm^u&<^i^^^j^ L / s --^^j- 

X |?iJ^tf5/imU±«^l'^^*i<^L/S/^^f-y (<1 
O^F5«li> y^yff^l limOL/S^^^-y^tfSi 

0 ?>) *^F.fiK2>n-»'^^-> (Ma±.rcM.~cM5^j 

ilif^*) |ti]ffl''^^->BM.~BM5{Cf^^t}^fiK 

9 0 ±li:^Olt!SlJffl/^^- > C M, ~ C Ms O^F^^i C M 
„• (n=K 2, 5) 3b^}Kfi!t^nrc^^H8*^^S<^ 

[0 15 7] *«3, ±-eii> fitsi^m^o^at-J;'?. ^ 

aijffly^tSf->^O^Faii©{4B-fn«:l+iJ-r5feOi:bfc 
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{iCM.) n^kWm (BMn' XtiCMn' ) lCOl,>Tl« 

imm (x) Mmmm^) ^n=entpf\^<D7.-7^ 

(BM»' Xli:CM/ ) (Ditm (X-yv'^^fiE) 

]:fy(om^&micmiti^^fm (b m 

[0 15 8] i:C5T\ ^1^0g)tSBTni, SK)^^ 20 

XM;g:ffll/>Ti^«J:^fJiL/TtTt)nTi/^So uilT'. S 
i^'J;X-'^^:^i^ }§^^^5S{C<};l.^7tBl^l^t-3 0 iim 

TX -y ^ > y^ft l/\ ^OX -y ^ > ymtC 7 -t? ^f- B 0 
X-T-^WX'yv'OfiS^rTtiST^^JSe-iJ^tS^i^'^' 

^' 7. h - 3 yl+iJ^tJ: tix -y ^ y n/c 3 0 fi mft 
(757'>:5f-BOXV— ^^Of^''L^^i:. 1 0 |iin^©'f>:^ 

-Box^-'!7(DWJ7.vmmtm. mam^u so 

[0 15 9] IJe-^T, "i^X/Ni (»ffl±) -e 10 limn 
(DBOXV-y(D^ra#^X'y->'^ai<O?ffit«fc01^tB 

i|XMcD»§P*^a^'i^x/N;&ffli/^/c±IB'Dr X b-'>3 

Tcib. ±ie(DS'¥'^x/N:S:ffll>fcr^'X h-i^3 
tlHlll^Sfi (accuracy) T'T-YT. h-^ a V^^P^i! 

[0 16 0] cn^^JS-rSfcfetii, B«xEL/cr/^^X 40 

mft (•i7XM±l 0(^m^) O-f y:^-B 0 

D-trXTHi. 'i7X/^±l 0 /imft<DT-i'lir^'>yi^y 

[0 16 1] ^iiT% iJiS1^t^t/-c^m> 

X/N±l 0 /imftOB0X-7-^©IMtPWl6] (1 0/i 

^ (j,XT> i:t rjgfUBOxv-^'j m^) ^fflv^ 
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[0 16 2] HBMii. la 1 5{c^>^n?.itiJfflu^^ 

;UR 3(OH-ilffl''^^S'->'BMi~BM5(c{^i;^T> itilffl 
; ^ - y ^ X 7^ |6l tc ffl L T X h 5 -< { c IB15^- { t L ii 

^ttd<•y^'XA^-y^^^fi!ttfi:t^•ilJffl^^^'^^R 3' ^ 
ffl(/^T> Buaii:|sHt<^>^M-ex'yi^1^Wo^j*tcJ;SS: 
Kt^^i^ p l Or XI — -y 3 yftffl^tTo fc^^, § 
itisW^^^'-^'^YttBi: tr. itiJffl/-^^-^y BMn 

, Y m^mLxm^itttircmm -y ^ x/^^^- y 

i;. X75l6]f-MtT^5^{b*n/c»-}^-yyx/^^-y 

Ofl-»'Jffl''^^'-:^*X 'J>yh22a. 22b T'ffl^^^S 
•r^ScfctJ^O.f'rXh—ya yH-WJ%tT ^ c i: *^t* 

[0 1 6 3] la 1 8tCt±, ±a!b/c:Y:^lfe){cMbTSB^ 

{t:^nfc»i<'yyxA^'-yii> x^^isiicMtTii^^- 

ititiTcmn^- -y y x^ - y ^(DffiOltWffl^ ^ ^ - > 
A^JgfiR^n/cT-y^P-y^' (3 0 0/imft) <D-W 
S^^tlTV^^o coal 81C*31/>T, ??^MM1. MM 
214, ^J^lf5*05 /imL/SV-y*^e>fi!c5^g^it 
iJ;^^-yT'feO, ??F^MM3. MM4«, m^ii29 
*0 1 /imL/ST-^3!)^P)^57*-*Xtfjffl/^5'- 

y-efeo> ItF^mms, MM6ii, m^m 1*02. 
5 m L/ s T-y 3!)^?.fiK5«ieiiK>v ^'X/^^'-y-efe 
C(D0i 8 0-7-^:/n>yy«, P^tiJfr/WXlx 

fji^. jg^d^-y^x/^^-yoSB^^ikti. f^Rii 

2. 5/imL/SgJt ('i7X/N±0. 5iimL/Sm. 
g) iXT*^SS 

[0 16 4] i^tc, s^)t^3^<^^-7iRMoitiiWaK 

oi/^TlftHB-r?.o n-^iRMOltS'Jtt, L/SV-y^lt 
jgi]^y^^-yi:UTfflV^5lll«:^i*i:^ Line in Box 

[0 16 5] (^lo^ii) JitmtstJ:^^ ^^-^ix 
miQicTTs-^n^o. 2 /imL/sT-^ (^t+^ii) o 

(4) ^(OJaoic^^tn^o 
[0 16 6] 
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[0 16 7] Mrm3%mtimB^m^ imuy 

[0 16 8] Sfi^StiJK^Sl/^TtCtDJcoftL/S/^ 

It S t ^ h = a Ix- a >^tT ^ C . 

[0 16 9] aT« C(D^i|iS^«iOMJli:J;^n-7iR 

('i7X>'Nffl±-P0. 2 /im) T'ra-r-rtbS 0% 

oxtt:^[^tc^^lt%*-r L/ s /^^f-y*sfflv>p,n 

■y hfi9 0Rt?Sfig#B+i»Jt§5 9tDli^^(i> WaLfc 
fg^ . r >r X h - v' 3 yttiijwi^ i: 1^ Ulifig t * ^ T 

[0 17 0] CODlf^. ±»gB2 0T-ti, m'£Lrc 

^f->DM2~DM5<O^P^«t (DM^' ~DMs' t-r 30 
?>) {cm-r?))t?i)S«^m (x) ^tfSo 

[0 17 1] tbx. !i<Dmibnrc^^^&innm 
(x) i:RfT^<'DX7^;^U'^;l'i:f55^^%^-n€ti* 

D Ms • (D^n^emc-Di^^x^y^ yoy^y^^M 

[0 17 2] a-^umt. uyX(om^(Dmm'^^if^ 
mrj:^ctKi:^uyX(Diumr'hKi. mm^?L 4t 

(o^fm(DfH. ^^-fy/^i>-y<om^ii.^-^^^^^i^ 

CTS^j: scilicet So l^oT. 7>7YXS%ffll^TX 
[0 17 3] ^l+iJffl/^^-^DMi-DMsA^S 
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mmmf^'^-ytbr. 5-^(Di/Sf^^-ym^ 
nTv^So 

[0 17 4] C(D^[g#EM' ti. 02 2tC7r;?nS<fe 

^{c, 2oos*e^!ftJiSiSfiSt^. -r^^^^ta^gsife 

^cO^^l'W^^— ^©tf^v^tcWtC-f so. 4fimtr 
<y5^©JiKISfi)c5^ 1 S*JSIK^Sfi!t5^) f 1 §L 
/ s /^^»-yco^i*<Di|@fcWf5t S^ 2 

jg^ (5 2^(D-7-^*^?>^SV-^7y;l/-y(DEai^>y 

^) Tssa. 6/imtr<yf-fcm-rssisa;S^f 2 

i:%W-rSo 

[0 1 7 5] t*£oT, m£tmmic. ±umm2 ox 

^M-e, Uf-^f]/7'7^:^y\-. RI>*^^#l+Wfo 
T, Itilffl/^^-yEMz-EMsCO^P^f! (EMz' ~ 

EMs* tt^) icMi^t^mimmnm (x) ^mrz 
m^iz. mmm^<DfH i »*)Sifif(fi!t^i:s ^ 2 s 

HXM^**S ii i: i; UTfeSv\ 
[0 17 6] ^fsmtrm<Di^mtrj:^^^^-y(omM:f3 
mmiJ^m^iiE. =i-7iRM(D^§*;^t<SttS© 

Sa-^UXMcoKSfix L/S/^^^-X^^ft^ 1 ■^©'^ 

'^-ytmc^-^<D^<of^^-y<r>'^f^mz-nt^-:i'^ 

yfyA^—y<D\^'y=f-icii]Zs-t:S)fS 1 S*^S8Sc^5J- 

i:. L/s/^^-yo^i*<^*it^w^£;-rsm2S*)aiS 

)^^5^<D3-7iRM^^toS±IB7?ft{cJ;Si;. ffiffl^W 
0^afcJ;l3> S^)t^l^PLcDnviRM«:»if^<* 
ib^ctti^X^^o «*3> iicD^-^v-'^OBEHe'y^ 
(±O0imiO. 4/im) i:5*©v-^7!}^e)*Sv- 

WS^fg i: -r S i: *MS^5Qa±*^ ^ « S S I- 

[0 17 7] imz<Di5m') •:i-^m.mmm\ 
^■nm^c'Dy.^xmm^o c<Dy5mxit. 023 (a) 

{C7fx^nSct^(c> /'^^-^'rI^P Art^0t^J.L^Rt>'4ft 

(Dai5^<D-&it 5 mmarmm^^-^-yF m, ~ f ms 

->FM„ (n=U 2. , 5) tbXli. 02 3 

(B) {cffi:*;LTS^?nS J: online in Box Marki:"^ 
lfnSV-^>'^^->'A^fflV>?>nSo C(D-^-'>J<'^- 
Mi, 02 3 (B) iCTs^nSi^tc, 122*^0 1 WJ 

3 ^iffD 1 = 1 5 0 Jim) (OsEyjm^^^-y<omz. m 
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/L^T'AO 1 ffl^^D 2 m^iiD 2 = 1 0 0 ft m) OiE:^ 
mT.^-y^^'^^-y (iHD3) *W$nfc-r-^/^ 

MWt^h. 3 0/iin^<DPv'::^h^b-7- 
^(D'45>i:>(c2 0/imft©)Na8l*^iai^»j:)^BK$n5o fflW 

t± (iss/N, A. ) /2\:xyni^<^xitt^ctt'^ 
[0 17 8] c<}^-^-^m\m>^9-yvu,-^. 

[0 1 7 9] $fc. COti^> ^F^«f+«ilg§5 9^«fiK 

[0 18 0] ^c-e. ±Si|ffliSB2 0T'ti, mixEbfc^ 

-yFMz~FM.(O^P^i! (FM^* ~FMs' il-TS) 
tcm-r 5^3i?)tM^ni (x) ^ti^o 

[0 18 1] ^UT. =&7t3ijaii^i:R'T^<^x^-rxu 

[0 18 2] dOcfc^tCX^-rXii^fflV^/cX-yi^l^UJ 
come J; 0, H-SiJffl/^^-;yFMz~FMs«^ra«<0 

mm-fn^mu ^trnm^^^rLm-i^^^xm^^ sc 

[0 18 3] ±IBO«^(-^3V^T. XU •> h«9 0±<0 
X«J'yh22a, 22b (DSHS±^ l^ltiJ^^loK^X U 

±IBH-iiJffl-7-^FM»tf^^T^ ^J^t^^tiSO 

[0 18 4] ia2 4tCti> iKDct^^ltfflffl/^^-^ 
(GM.ttS) 0^^«!GM,' A-^XU-y hS9 0±fc 

D4til 0/im. DStiO. 1~0. 1 5 /imT'$.§o 

ai tfcx9-r xffifc J; sx>y >7«im<D^ffi{i:<fc oi^tt-r 

[0 18 5] dtili];^!^) ©liAW^-^-i"^/^ 
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^'mmm)=y-( y^'^-y^'^'^^^^'^-'^ 

[0 18 6] ^<Drcib. ±HB(7)^ra#GMn' (D^tt 
[0 18 7] ^Zlll. CO^^fe. ltjiffi3l14^lSl±-r5 

[0 18 8] mz. mm7-\y^y(o'm.i5m^-o\^^xM 

[0 18 9] BggBrP-tr>ti#iilH3b^r7*-*XtcJ; 

-oxmtf!^mm%Lxm%t^o ^\mm'^^-yt 

LXMs r^T.V-'y^y'M'^tnmc::!-^'^^ 
jitlt}4ti:J;?.^-a-a, Boxin Box Markfe5l/Hi:^L/ 

mn<Dmmm\u mmy^i^^y (= 
[0 19 0] ^mimrM<Di^ii. mwitrnm^!^^ 
^mB^§7*-*xGtB-en-siji/> mmru-by^ 

[0 19 1] Ji^±i¥aBtc|liWLfcj;dlc, *^lO^S6 
S^«»)t^Sl 0 0{cJ:5t^ XU'yhte2D = n- 
30 (A/N. A. ). n^O. 8T'fe?.XU -y htS9 0^ 

m^^mmBm5 9^m^x\,'^cti}'ib. 

HlSittWJfS^ffl ''t: 1^^ ^' ^I'fe S 1/ Hi P ^ ^l' 7 -I" a 

[0 19 2] Sfc, SJtSBl OOX-li. ±f«S2 
40 0 7b^. ^PSM+M 5 9 ^fflV^TBUjiOX U -y b X4^^ 

-i/3 y^fg^^tcoi/^Tti. ^mWtc±IB®|+ifliJ^t7 
v\ c(DB+ffliSam(i:»-:5v^TSK)1£^?SP L<D^0/r;<O 

50 ObyXxL/;><>'h^Z •$';l/hli»)t-S^K, feSV^ 
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[0 19 3] C«J;d(C. S^^Bl 0 0l:1i> fiflJ^tf 

[0 19 4] ^fc, ^fmW I 0 OT-a, ±fi)SlS«2 
0(c<);0, SRailtltM5 9%ffl>/^T. -r-^^WI^i: 

[0 1 9 5] ^Jfc. IXSMMBmX'it. XU -y hti2 D 

[0 19 6] f^t)-^, xy«y h<@2D*. JlSSA, M 

PiCN. A. OV^-rnA^-7?<0*i^#^tT^J6Tfc^ 
i/>o C(DJ;^^XU7 hi|@2DOXU>y h^Wt-^XU 

tnm^. xu-y hx+-vy:^5^:(cj;t), m^^^^^-:/ 30 

[0 19 7] XU>yhi|i (2D) cDj^^tcMtr 

<?)^^%fl^0±tfTj(f3i^XU>y htiO^^TjaicHL 

NocS • DOFocA • S / (N. 
mmh^o CCX\ N. A. a, iS^7t^?^tDF^P 

S/Noc (N. A. ) • S /AocA 
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[0 19 8] mm<Dm<. mit^%<r>^7.Y'yt-io 

xffiH<Dti-aiJfi> X'J >y MS9 0OZ|ft:^[S] O^ttTi 

sij^x 'J -y h x+ + <fc 0 ^ISiaiii 0 ji t . iin 
tj;ot#p.nfc)t?iJit#^® (ii^/0^) ofitetk-e 

b^XbA^S:^t=9:SXU>y h1S9 0(DZ{4S 
[0 19 9] ^Xh7*-*X(D^tli{C|^LT 

(i. x'j-y HS90^s 0. 1 5 ^m^D^^<y^raPs■e. 
1 smpg (Xr-y^) Sa^<k$-a:5o 
[0 2 0 0] CCTn 02 6^fflt^'r±l2<D'^Xh7* 

-*x^^t±J®-{?]{cov^TlliB,^-ri>o coEze^i, X 
'J>y ht59 0^ 1 3ISPI W-jT) T'Zffl?3lS]{C^{b 
^^T-^P)!!!/^ 1 3;SOayh'7XhOltSiJffl 

(lazefftoxEn) ^si«i^zf*i:LT7j^-rfe«T'fe 
So 02 etftcxgiT-^N^ns i 3^^cDnyhvxho 

{cj;oT*i6So COjfifttflSiCi:. (Xl^ 
>y 3 ;b K U'^^l') S L i: cDjg^^^**. 5S j^F^c^^SBSE 
= 2 BOffi^^'^X h7*-;^7X{CjC^iS-r?)Z]^1f{ail 

•rso 

[0 2 0 1] 02 7lC«. 02 6i:|BI1t(D»0AVN?n 
Tl^So {IL, CtD02 7T'tiilt«lt±. l^fi!c5J«liite 

T% 02 7(Ctelt?.WZ (=Xr>y >^tf>yf-XT-^r 
ti() (DSSH;&@^{cL/-c^(07:i— :^JXl^ttl3|iS*#^ 

[0 2 0 2] (1) i^a >y b /-l'X*^3£IS6^*^-& 
li>J^^<DM*i^Si;-r5ii. i/3'y h/^Xtis'" 
{cJtfi»J-r§o 1 :^^Ja^gS^^£» (ii^T, ii:t r i 
i:BS^-rs) (Dg«®ZfcB8-r5ffi!^OTJ^ffi*«^^ 
(DOF) icstt^J-r?>oT% § 1 i^^5}-<73iiteO 
/ ^ XTb^r- ^ <D z :;?iRi'N&js -r ® e. / X N -r 



A. y 

[0 2 0 3] 



PocA/N 

/P 



A. 



(5) 
(6) 



i: y XJili i: to tk-e ?) s / N ttT- s o 

[0 2 0 4] (2) ' 

9-^7 ' y-rxa i s icmbrj:i\ i 

NocDOFocA/ (N. A. ) ' (7) 

-i!^ [0 2 0 5] u-^r. w^A^f-y<DSite«:Pi:t-r. 

S/Noc (NA) ' • S/AocA • S/P (8) 

(8) iCj:*)XU>y h*i (2D) S/Nm±, /I'XcDliaic 1 i^JiBSO 

)SSi:J^^>'^^'-:x- t;>y^*^9i 50 0 . 5~i^tclt«?<Jf 5c:i:*<t>*^5o 



[0 2 0 6] (6) . 
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[0 2 0 7] 02 8 (A) ~H3 1 (B) lCt±^ 

MS (2D) 0mL^'^m^Mlsb^rztb<Di/^a\y- 

i/3yigm<^-W7n$nTi/^5o co^-^. 02 8 

(A) , 02 9 (A) . 03 0 (A) &a*03 1 (A) 
li, N. A. =0. 68. A = 2 4 8 nni> o = 0. 8 

5<D^ff<73^^^^N-r= $fc.028 (B),029 

(B) , 03 0 (B) &U'03 1 (B) N. A. = 
0. 8 5, A=19 3nm, o = 0. 8 5<D-^ff<om^ 

[0 2 0 8] 02 8 ('A) . (B) li, 7* hv/l/f-:/ 10 
y-^-Vm^'tzm^^MtX (6) iS^MfflLfc^^O 
7*-*7.«^tBtcMf5S/Nj±«:S"N-ro 02 8 (A) 

(Cfcl>T. (•) , Sfi^ (■) ^ (^) s+ 
ilffl/^^-yi:LT, 9-f'y*iL*^^-n€n2 00 n 
m, 2 2 0 nm. 2 5 0 nmT\ r a— r -rtb^^V-'-f n 

fc5 o%c»L/s/^^f->'^ffli'^fcti^^. ^n^n^n 

to 02 8 (B) {CfcV^T, (•) > (■) . 
j^H (A) ti, ItSiJffl/'^^-^^tbT, v-l'yteL*^^- 
n€m2 0ninx ISOnm, I 4 0 n mX\ 3.— 
Tf IrtA^t^-fnt 5 0%®L/S''^^'->*ffl<'>/i:^ 20 

[0 2 0 9] 029 (A) , (B) 02 8 (A) , 

(B) tc^-n^nwf5t^=i>h^xh^75-ro 

m*itix U -y H ifitctkf^'J-r 5<75-r% nyh-^XKtcO. * 

mix)' J <«* ••(9) 
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3 n m^mmtbtzT.^) -y hm(o]tmmi:rzi>(Difiy 

y-yt, h . t—'^- (1st Order) T'feS. C 
[0 2 1 0] 03 0 (A) , (B) Ica, 02 8 

(A) , (B) K^n^nwjE-rs77-xh -51— 

[0 2 1 1] 02 8 (A) , (B) A^?), S*WlCl/>-r 
U-yhl® (2D) t*, /^^J-yvf<yf- (=2L) (D^^ 

i: iHi US ^ jb^ftjiffe § ii ^ mm LTz, e <y $^{cM l 

i^m^ tf >y ^o^^sa i: ^ 5 c 
[02 1 2] 03 1 (A) , (B) 028 (A) , 

(B) tm-^f^r\ (8) ^^mmLTzm'^ioyt- 

^xit^ttfcwrs S/Ntt^^-To 

[0 2 13] CCT'. XU 7 hte2 DCDftjUbfC-Ot/'' 

[0.2 1 4] ^mmm\m(Dxvy h<D^2D. ^mm 

(O^&^l^^i (x) tt^t:^VyySM^&m 
(x) Bij5it/-c (1) i^^-mitLrc'^(D (9) ^ 

[0 2 15] 
[3S4] 



[0 2 1 6] 7>j— *X«^Wti)»i!ll^cDL/S<D®a 

#<D0:^>c, li^sjotk dayy-yxh) X*)mnt^o ^ 30 

«3^jt^b - sin ((0, • x) fttm. mm-^n^TsV 

(x) . m. (x) ii.:k(D (10). 

[0 2 17] 

[as] 



1) 



(11) 



0)1 D=n/2 • (2 n 
(fib, n = 1 , 2, 3, •••) 
[0 2 2 1] (1 2) i^^lS-rSilt. D = ;i/ (2 

§ (3yh7Xh;b^«:*ci:^S) XU-yhte2D 

•y^o*5> (J-:^T. iii: rg/jvN-7if -y^j tiq^-S) 

[ 0 2 2 2 ] S fc, 1 i^fiSt^^coy'T y^^ili < ■ 0 i^^^ 
coyV y AMfil/ ^{J if m^l^f^^J^V -t 5 >y ^7 by v'li^ti: 
%5CDT% m (1 2) ^T'n=10^, ■r**?-^ 50 



[0 2 18] 

[|!(6] 

J ain(<o,f)dr- — siii(a;i*) siii(fl^l>) 

[0219] (1 0) 0^^fiX^i*xU-y 
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